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PREFACE 


I N PRESENTING this volunie the author hopes to supply a text 
which will be of value to those just beginning the study of im- 
munity to the parasitic forms, by acquainting them with the funda- 
mental principles of the subject as now understood. He wishes also 
to aid those who are more experienced, through orienting and col- 
lating the voluminous and heterogeneous recent literature dealing 
with immunity in parasitic infection. He has therefore treated the 
available material in the manner which he deems will prove most 
useful to the beginning student, the trained investigator, and the 
practicing physician or veterinarian. Personal concepts and the- 
ories, both of the author and of others, are held to a minimum — in 
fact they are wholly avoided unless supported by experimental 
data. Some arbitrary preferences in viewpoint are acknowledged, 
but these are few and generally of such limited sig.iificance as to 
have but little influence on the utility of the book as a whole. 

The reader is assumed to be well trained in the two subjects: 
parasitology and immunology. Hence no elementary delineation is 
given either of parasite life history or of general principles of im- 
munity. To have done so would have required a much larger vol- 
ume than this and the restatement of much that is already available 
in many excellent textbooks in the separate fields of parasitology 
and immunology. 

The author desires to express his indebtedness to the many in- 
vestigators, including his students and others with whom he has 
collaborated, whose researches form the basis of this book, and he 
hopes that without exception he has stated their results accurately 
and with correct interpretation. He wishes also to acknowledge the 
inspiration which has come to him from certain men long promi- 
nent in the field with whom he has had occasional contact. Most 
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especially among these are Professor W. H. Taliaferro, of the Uni- 
versity of Chicago, Professor W. W. Cort, of The Johns Plopkins 
University, and Professor J. E. Ackert, of Kansas State College of 
Agriculture and Applied Science, who both personally and through 
their many students have contributed so largely to the subject. 
Mention should also be made of Dr. N. II. Fairley and Professor 
R. T. Leiper, of the London School of Hygiene and Tropical Med- 
icine, Professor R. Matheson, of Cornell University, and Pro- 
fessor H. \V. Stunkard, of New York University, under all of 
whom the author was privileged briefly to study. 

Special thanks must go to the John Simon Guggenheim Memorial 
P'oundation, which supported some of the author’s own studies 
which are referred to in the text. The author is also indebted spe- 
cifically to Professor W. H. Taliaferro for Figure 2 and Chart HI, 
to Dr. M. P. Sarles for Figure 1, to Drs. L. T. Coggeshall and 
H. W. Kumm for Chart II, and to Dr. H. M. Miller, Jr., for Fig- 
ure 3, which have been included. Finally, grateful acknowledgment 
is made to the author’s wife, Louise Barber Culbertson, who en- 
couraged him to undertake the writing of this volume, to Pro- 
fessors A. R. Dochez and C. W. Jungeblut, of the Department of 
Bacteriology of (k)lumbia University, who read parts of the manu- 
script, and to Mr. Lee iMorrison and Miss Ida M. Lynn, of the 
Columbia University Press, who carefully edited the manuscript. 

James T. Culbertson 

Columbia University 
July 2, 1941 
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Chapter 1 

INTRODUCTION 


T he presence of a parasite in a host is the resultant of many 
forces. Through some of these the parasite seeks to establish 
itself upon, or even to overwhelm, the host. Through others the host 
seeks to eradicate the parasite or at least to check it.® ravages. In 
order to survive together, both the parasite and the host must make 
many mutual adjustments. Each must protect itself from the other, 
and each must carry on its essential life processes in spite of the 
presence of the other. 

The various modes of resistance which a host offers to invasion 
represent forces which the parasite must be able to contend with 
before it can hope for prolonged residence in that host. The capac- 
ity of a host to resist a given parasite is sometimes the natural en- 
dowment of that host species and completely protects the host 
throughout its life against that parasite. Usually, this natural re- 
sistance is, not a specific quality, but one exerted equally and with 
similar effect upon a variety of parasites. Such natural resistance 
is not always enjoyed from birth, but it sometimes is developed to 
certain parasites only after the host has grown older -possibly 
even after it has reached maturity. Young individuals, then, are 
often readily susceptible to parasites which cannot infect older 
hosts. As these susceptible young individuals reach the resistant 
age, they frequently expel such of the parasites as they then harbor. 

To some parasites, on the other hand, the host never becomes 
naturally resistant and remains susceptible to infection on initial 
exposure so long as it lives. .As a result of a first exposure, however, 
forces distinct from those responsible for natural resistance are 
set in motion by the host which generally enable it to check the 
progress of the parasite and sometimes cause the parasite to leave 
the host. Usually these forces are less powerful than those which 



4 INTRODUCTION 

account for natural resistance, but they are at the same time more 
specific in action upon the parasites. Furthermore, a host in which 
such specific forces have once been stimulated is likely to remain 
immune to that parasite, since it is able thereafter to call forth the 
same forces again when invasion by the same parasite threatens. 

ft is exclusively with these matters of natural resistance and 
acquired immunity against the animal parasites that this book will 
deal. In many respects the fundamental principles which apply in 
the case of the parasites apply equally with respect to bacteria, 
spirochetes, filterable viruses, and other infectious agents. Similar 
variation among different host species is observed in susceptibility 
to all these forms. Furthermore, after infection the same humoral 
and cellular defense forces are called into play by the host, whether 
the infecting agent is an animal parasite or of different nature, and 
these same defense forces protect the host against sub.sequent 
reinfection with all. Moreover, vaccination with the antigens of a 
parasite or the administration of an immune serum will often pro- 
tect normal animals from the parasites, as is true ahso in other 
infections. Finally, the existence of a parasitic infection can some- 
times be proved by demonstrating antibodies in the blood serum 
or by performing skin tests, these methods of diagnosis having the 
same relative specificity with parasitic di.seascs which they have in 
infections with other agents. As complete information becomes 
available, it appears more and more probable that no fundamental 
differences exist in the character of the immune response.s to the 
parasites and to other agents of disease. Indeed, the essentially 
gross similarities which have just been pointed out and which will 
be amplified in the succeeding pages of this book suggest the iden- 
tity of the governing principles. 

HISTORY OF IMMUNITY AGAINST PARASITIC INFECTION 

The first clear demonstration of an acquired immunity to animal 
parasites was reported in 1893 by Theobald Smith and F. L. Kil- 
bourne,’ who showed that recovery from one attack of Texas fever 
conferred immunity to cattle against subsequent attacks of the 
same disease. In 1899 the rat was shown to acquire immunity by 

1 T. Smith and F. L. Kilbourne, Bur, Animal Industry (U. S. Dept. Agri.) , Bull, 
No. 1, pp. 1-301 (1893). 
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recovery from an initial infection with its natural blood parasite 
Trypanosoma Icwisir These two observations represent practically 
all that was known of the specific immunity to animal parasites at 
the dawn of the twentieth century. In the years since, however, 
nearly all the significant parasites of man and of domesticated 
animals have been studied from the immunological point of view, 
and a large store of knowledge has been accumulated. 

The history of immunity to parasitic infections during the first 
three decades of the twentieth century is chiefly concerned with 
the development of tests for the diagnosis of the various infections 
of man and of domesticated animals. Eminent success has been 
attained in some diseases, particularly with the somatic helmin- 
thiases. A complement fixation test for echinococcus disease was 
developed as early as 1906,*’ and a precipitin test was reported the 
next year.^ A delayed type of skin test was devised for the same 
infection in 1911,''* and an immediate type in 192 1.‘' For schisto- 
somiasis a fixation test was reported in 1910," a skin test in 1927,^ 
and a precipitin test in 1928.'* Precipitin ’‘* and skin tests for 
trichiniasis were described in 1928, and a complement fixation test 
the following year.’- Skin tests v/ere reported for ascariasis in 
1924,’^ for strongyloidiasis in 1925, and for filariasis in 1930. 

Somewhat less was done with immunological tests in the diag- 
nosis of protozoan diseases, although in a few insta nces fair suc- 
cess was reported. Agglutination and precipitation tests for human 
leishmaniasis were developed by 1913, and a complement fixa- 

- L. Rabinovvitsch and W. Kempner, Ztschr. /. 11 sg. u. lufektionskr., .^0: 2Sl 
(1899). 

^ G. Ghcdini, Gazz. d. Oi>p., 27: 1616 (1906). 

C. Fleig and M. Idsbonnc, Compt. rend. Soc. de bioL, 62: 1198 (1907). 

°T. Casoni, P'olia din., chim., et micr., 4: 5 (1911-12). 

** T. B. Magalh, M. Clin. North America, 5: 549 (1921). 

^ M. Yoshimoto, Ztschr. f. Immunitdtsforbch. it. e\per. Therap., 5: 438 (1910). 

« N. H. Fairley and F. E. Williams, Af. J. Australia, 2: 811 (19J7). 

® S. Miyaji and B. Imai, Centralbl. f. Bakt., 106: 237 (1928) ; W. H. Taliaferro, 
W. A. Hoffman, and D. H. Cook, J. Prevent. Mid., 2: 395 (1928). 

G. W. Bachman, J. Prevent. Med., 2: 35 (1928). 

^Wbid.,pp. 169,513 (1928). 

G. W. Bachman and P. E. Mcnendez, J. Prevent. Med., 3: 471 (1929). 

B. H. Ransom, W. T. Harrison, and J. F. Couch, J. Agric. Res., 28: 577 (1924). 

i-^F. Fiillcborn, Klin. Wchnschr., 4: 1709 (1925). 

W. H. Taliaferro and W. A. Hoffman, J. Prevent. Med., 4: 261 0930). 

^‘*G. di Cristina, Pathologica, 3: 399 (1911) ; G. Caronia, Ztschr. f. Immunitdts- 
forsch. u. exper. Therap., 20: 174 (1913). 
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tion test for animal trypanosomiasis ” in the same year. A precip- 
itin test for amoebiasis of the cat was described in 1924, and a 
fixation test of much greater utility for the human disease in 

1927. A fixation test for rabbit coccidiosis was devised in 1930. 
Positive fixation tests were reported in human malaria as early as 
1913,"' and a precipitin test was described for the same disease in 

1928. " 

Compared with the tremendous volume of practical work on the 
diagnosis of infection, other contributions on immunity to animal 
parasites in the first thirty years of the twentieth century appear 
rather small. Nevertheless, many different aspects of the subject 
were investigated, some with notable success. For example, it 
was clearly shown that at least a partial immunity to reinfection 
was acquired through recovery from various parasitic diseases. 
This was fairly well established experimentally in cutaneous 
leishmaniasis of man by 1910," ' in infections with the pathogenic 
trypanosomes in animals by 1911,-' and in a number of the animal 
piropIasmo.ses by 1912.-'' In 1912 birds were shown to acquire an 
immunity to bird malaria."'* Even before this man was suspected 
likewise to develop immunity to the human malarias,"^ although 
convincing evidence for it was not forthcoming till much later.** 
In 1925 it was shown that fowls build up an immunity to coccidio- 
sis.** 

The acquisition of immunity to certain helminths was also 
clearly proved. In 1916 horses and calves were shown to acquire 
Immunity to Schistosoma japonktim.^" An acquired immunity was 

J. Mohler, A. Eichhorn, and J. Buck, J. Agrk. Res.j 1: 99 (1913). 

H. Waj^cner, Univ. California Publ., Zoology, 26: IS (1924). 

^•^C. F. Craij', Am. J. Trap. Med., 7: 22S (1927). 

G. W. Bachman, Am. J. Hyg., 12: 624 (1930). 

A. Gasbarrini, Zlschr. /. Immunitdtsforsch. u. exper. Therap., 20: 178 (1913). 

““ W. H. Taliaferro and L. G. Taliaferro, J. Prevent. Med., 2: 147 (1928). 

C. Nicolle and L. Manceaux, Ann. Inst. Past., 24: 673 (1910). 

A. Laveran, Compt. rend. Acad, de Sc., 152: 63 (1911). 

K. Wolfel, Ztschr. f. Infektionskr., 12: 247 (1912); A. Thciler, Zlschr. /. In- 
fektionskr., 11: 193 (1912). 

J. Moldovan, Centralbl. f. Bakt., 66: 105 (1912). 

R. Koch, Ztschr. f. Hyg. u. Infektionskr., 32: 1 (1899). 

J. E. Nicole and J. P. Steel, J. Trop. Med., 28: 428 (1925). 

“■* J. R. Beach and J. C. Corl, Poult. Set., 4: 92 (1925). 

A. Fujinami, China M. J., 31: 81 (1916). Reviewed by R. G. Mills. 
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demonstrated in trichiniasis of rats in 1921 -'i in strongyloidiasis 
of dogs and cats in 1928,'*- and in Haemonchus infection of sheep 
in the same year. ’® Convincing evidence of acquired immunity in 
rats to somatic cestodes was presented in 1930.®* Relatively little 
evidence for the acquisition of immunity to arthropods, however, 
was obtained up to 1930. Nevertheless, the guinea pig was shown 
in 1923 to acquire an immunity to somatic myiasis. '-' 

Various special antibodies of the normal and of the immune 
serum were discovered. The normal serum of man and of some 
apes was shown as early as 1902 to be destructive for certain 
trypanosomes pathogenic for animals.-'*'® A similar property was 
described in the serum of sheep effective upon Trypanosoma dut- 
toni of the mouse.®' A highly specialized type of antibody called an 
ablastin, which is acquired by certain rodents to their natural 
trypanosomes and which inhibits the reproduction of these para- 
sites in the infected animal, was described in 1924.®® Beginnings 
were also made in the classification of parasites by immunological 
methods, particularly the tryi)anosomes,®" loi.shmanias,‘'’ and the 
coccidla," among protozoans, and the ascarids among the hel- 
minths. The significance of the age of the host in natural resistance 
was recognized, particularly in infections with some of the nema- 
todes.'® The influence of such factors as the vitamins and other 
elements of the diet upon natural resistance to the iielminths was 
also suggested.* ‘ 

The study of immunity in the parasitic infections took its first 

R. Ducas, Uimmunite dans la tnehinosr, These, Paris, jouve et Cie., 1921, p. 47. 

J. PI. San(lp:round, Am. J. 8: 507 (1928). 

N. R. Stoll, J. Parasitol., 15: 147 (1928). 

•** H. M. Miller, Jr., Pror. Soc. Exper. Biol. Pr Mrd., 27: 926 (1950). 

D. H. Blarklork and M, G. Thompson, Ann. 'Prop. Med., 17: 445 (1925). 

''"A. Laveran, Compt. rend. Acad. d. sc., l.U: 75.^ (1902). 

A. Thiroux, Compt. rend. Acad. d. sc., H9: 554 (1909). 

W. H. Taliaferro, J. Exper. Med., 59: 171 (1924). 

A. Laveran and F. Mesnil, Compt. rend. Acad. d. sc., 140: 851 (1905). 

H. Noguchi, Proc. Internal. Conf. Health Prob. in 'Prop. America, United Fruit 
Company, Boston, 1924, p. 455. 

E. E. Tyzzcr, Am. J. Hyg., 10: 269 (1929). 

4-B. Schwartz, J. Parasitol., 6: 115 (1920); L. Hektoen, J. Infect. Dis., 59- 542 
(1926). 

A. Looss, Records of Egypt. GovU. Med. School, Cairo, 4: 163 (1911) ; C. A. 
Herrick, Am. J. Hyg., 6: 153 (1925). 

J. E. Ackert, M. L. Fisher, and N. B. Zimmerman, I Parasitol., 13: 219 (1927), 
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form and direction with the publication of W. H. Taliaferro’s 
valued book, The hnmtinology of Parasitic Injections,*-' in 1929. 
No history of the subject would be complete without specific refer- 
ence to this volume. It is the most important source book available 
in the field, for nearly all the significant papers which appeared 
before its publication are there referred to, and many of them are 
fully analyzed. Furthermore, it is responsible more than any other 
book for the vast number of studies done in the years since it 
appeared, for it pointed the way to new workers by indicating 
where additional investigation was needed. The present volume 
has adopted Taliaferro’s book, in a manner, as its point of de- 
parture. Only very few of the many references here cited antedate 
1929. For most of the literature preceding that year the reader 
must refer to the Taliaferro monograph. An effort has been made, 
however, in the present book to cite all the significant studies of the 
twelve years since 1929. It is hoped and believed that these cita- 
tions will prove useful to the audience for which this book is de- 
signed. 

W. H. Taliaferro, The Immunology of Parasitic Injections, New York, Cen- 
tury, 1929. 
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Chapter II 

NATURAL RESISTANCE 


y^LL ANIMALS are more or less constantly exposed to natural in- 
fection by a wide variety of parasites. The limits of exposure 
and potential infection of an animal are largely contingent upon its 
geographical distribution and the character and variety of the 
activities in which it is engaged. The kinds of food it utilizes, its 
habits in procuring food, its capacity to swim or to burrow through 
earth, and its a.ssociations with other animals all govern what types 
of parasite a given host will have. 

A parasite can be expected to develop in any host which supplies 
an adequate physiological environment, provided ttie parasite is 
equipped to contact that host.' Favorable physiological conditions 
are usually provided best by the natural host or its near relatives. 
Often, however, even in certain remotely related host species no 
physiologically antagonistic conditions are met, and the parasite 
may grow well if it enters such forms. The absence of antagonistic 
factors in the host explains many of the sporadic cases of infection 
with unnatural parasites occasionally seen in man and animals. 
Such sporadic infections are rare, however, since commonly ani- 
mals are utterly intolerant of the parasites of physiologically dis- 
tantly related hosts.- 

No species of animal is susceptible to all parasites, and no para- 
site is able to infect all hosts. In fact, only a limited number of 
parasite species can regularly establish themselves in a given host, 
and most parasites infect comparatively few closely related hosts. 
In some extreme cases only a single species of host is susceptible to 
infection by a given parasite. 

Natural resistance must not, however, be confused with mere 

1 E. R. Bcckcr, Am. J. Trop. Med., 13: 505 (1933). 

2 W. T. M. Cameron, Canad. J. Research, 15: 77 (193/). 
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absence of infection. A given animal may simply never have been 
exposed to infection with a given parasite, even though it is readily 
susceptible when exposed. The sporadic infections often reported 
with strange forms also illustrate this point — the hosts in these 
cases having experienced a chance contact with the parasite. Be- 
fore true natural resistance can be claimed for a host against any 
parasite, therefore, such resistance must first be experimentally 
demonstrated by exposure to infection. 

HOST-PARASITE RELATIONSHIPS 

The ideal relationship between a host and parasite is one which 
favors both, or in which each is at least permitted to experience 
approximately optimal development. Certainly, for satisfactory 
adjustment the parasite must be able to continue as much of its 
life cycle as necessary in the host, although in doing so it must not 
cause such extensive damage that the host suffers significantly. If 
the host dies from effects of the parasite, then the parasite itself is 
endangered, for it is confronted with the usually perilous task of 
finding a new host if its own life is to continue. In such a case the 
host-parasite relationship is not in perfect balance, but rather is 
tilted strongly in the parasite’s favor. Not infrequently, however, 
the host has the better of the relationship and either prevents en- 
tirely a parasite from becoming established within itself or else 
soon after its establishment checks its development or even de- 
stroys it. 

WELL-ADJUSTED RELATIONSHIPS 

In general, parasites which can establish themselves with the 
least damage to the host have the best chance for prolonged resi- 
dence in it, for against these the host’s capacity for affecting the 
parasite either by natural powers or by specific immune response is 
meager or sluggish and generally ineffectual. The best adjustment 
with their hosts is found, therefore, in the case of the numerous 
parasites limited to the alimentary canal, for these, in contrast to 
any of the somatic parasites, do essentially no damage whatsoever. 
Persons may harbor tapeworms such as Taenia saginata or flukes 
such as Fasriolopsis buski for many years with no physical effects 
so long as the diet is sufficient for both the individual and his para- 
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site. Likewise, the intestinal flagellates as a group, as well as the 
nonpathogenic amoebae, may persist in the intestines for years 
without the host’s even being aware of his infection, because these 
forms are essentially commensals. 

POORLY ADJUSTED RELATIONSHIPS 

Maladjustment between a parasite and its hosts sometimes re- 
sults directly in the death of one or the other. For example, when 
Trypanosoma equiprrdum of the horse is inoculated to rats, the 
rats die within four or five days; but if inoculated to man, no 
infection whatsoever occurs. The parasite in each of these cases is 
poorly adjusted to the host, and its survival is unlikely or impos- 
sible. In the horse, in contrast, a chronic type of infection char- 
acteristically develops, which lasts for months. In this interval, 
opportunity is provided for infection of new hostt, and the para- 
site is thus enabled to perpetuate itself. 

Another frequent outcome of poor adjustment is imperfect de- 
velopment of the parasite, the parasite perhaps failing to attain 
maturity or to complete its life cycle. The human amoeba linda- 
mocha histolytica, for example, after transfer to the dog or cat, fails 
to develop the cyst stage, essential for the natural transmission of 
the parasite to other animals. Likewise, the hookworms of man and 
the dog, respectively, if given to the alternate host species will never 
or only seldom attain their full maturity as intestinal parasites. 
The infective stage of the dog hookworm may migrate for years in 
the human skin, unable to develop beyond the stage which first 
penetrated the skin. In these instances, the host-parasite relation- 
ship may slightly favor the parasite at first, permitting it to invade 
the host, but soon swings over to favor the host and prevents sub- 
sequent development of the parasite. 

Usually, poorly adjusted parasites are those which have only 
recently— in an evolutionary sense - been acquired by a host. Such 
recent acquisitions are often seriously pathogenic. Gradually, how- 
ever, the parasite loses some of its virulence for the host or the 
host by selection or otherwise becomes more tolerant of the para- 
site until finally the two get along together comparatively well. An 
example of such gradual adjustment is seen in the two species of 
trypanosomes which infect man in Africa. Trypanosoma gambiense 
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has invaded man for so long a period that man is now considered its 
natural host, whereas Trypanosoma rhodesiense has been only 
recently acquired by man. In fact, Trypanosoma rhodesiense may 
more properly be deemed merely a sporadic human form and a 
natural parasite of antelopes or cattle. The difference in time of 
acquisition of the parasites is reflected by the relative pathogenicity 
of these organisms for man. The Gambian trypanosome is de- 
cidedly the less virulent form, producing in man a slowly develop- 
ing, lingering type of disease which, although eventually fatal in 
untreated cases, is mild in character when compared with the 
rapidly fatal infection with the Rhodesian parasite. As time passes. 
Trypanosoma rhodesiense also may become better adjusted to hu- 
man beings. One might even suspect that ages hence both these 
trypanosomes will eventually lose their extraordinary pathoge- 
nicity for man, even though they retain their capacity to propagate 
themselves in his blood and tissues. In certain game animals of 
Africa the infections are even now milder than in man, thus sug- 
gesting a longer residence in and a more complete adjustment to 
these animals. 

Examples of extreme maladjustment between host and parasite 
do not occur, of course, in natural infections, but only in experi- 
mentally induced or sporadic infections. If parasites were forced 
to depend on abnormal hosts to sustain their development, they 
would, in many cases, be unable to propagate themselves at all and 
would soon become extinct. 

HOST RESTRICTION AMONG PARASITES 

Some species of parasites are narrowly limited as to the hosts in 
which they can establi.sh themselves ; others have broader choice. 
Certain forms which require a different host for each succe.ssive 
stage in their complete development have a broad choice at one 
stage of growth and a narrow choice at another. F or all parasites, 
however, there are definite limits to the range of possible hosts, 
however wide the range may be. Accordingly, the host-parasite re- 
lationship must always be considered specific in character. 

In the following paragraphs the principal human parasites and 
a few strictly animal forms are grouped according to their range 
of hosts. Especial attention is paid to relationships among the hosts. 
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For example, a parasite is considered to have a broader host range 
if it infects only the dog among carnivores and the rat among 
rodents than if it infects exclusively animals in one of these orders. 
Even when several animals in one order are susceptible — for ex- 
ample, rat, mouse, guinea pig, and rabbit among rodents — the ac- 
tual range of the host is considered narrow, since these several hosts 
are very closely related. 

PARASITES WHICH INFECT FEW HOSTS 

Protozoa, — The narrowest host range is presented by the proto- 
zoan parasites of the class Sporozoa and by a few species of the 
class Mastigophora. Essentially all the sporozoaiis, whether of the 
blood or of the intestinal tract, have an extraordinarily limited host 
range. The four species of blood sporozoa causing human malaria, 
for example, infect none but primate animals and among these only 
one or two species besides man himself. Plasmodium vivax will 
sometimes infect chimpanzees, and Plasmodium jalciparum will 
persist and multiply for some time in the howler monkey; ^ but 
other animals, including such divers forms as horses, dogs, guinea 
pigs, hedgehogs, bats, birds, and cold-blooded species, are refrac- 
tory to all the human malaria organisms. If malaria-infected blood 
be put into common laboratory rodents, the parasites are quickly 
destroyed, for blood transferred back to a nonimmunc person 
within a few hours is no longer infective for him.* 

Similarly, the malarias of animals have a narrow choice of hosts. 
Monkey malarias infect only monkeys, except for one species, Plas- 
modium knowlcsiy which infects man as well."' Bird malarias,* al- 
though never found in mammals or in cold-blooded forms, seem to 
have a comparatively broad host range among birds. Plasmodium 
cathcmcrium, for example, is infective not only for canaries but 
also for the duck and the common fowl,'' as well as for several spar- 
rows and the wood thrush. 

The intestinal sporozoans, the coccidia, have a similarly re- 
stricted host range, the restriction equaling that of the blood spo- 

3 W. H. Taliaferro and P. R. Cannon, Anu J, 11 yg., 19: 335 (1934). 

* J. Segal, Ann. de parasitol., 8; S90 (1930). 

“ D. F. Milam and L. T. Coggcshall, Am. J. Trap. Med, 18: .331 (1938). 

»R. D. Manwell, Am. J. Trop. Med., 13: 97 (1913) , F. Wolfson, Am. J. Ilyg., 
28: 317 (1938). 
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rozoa. The human coccidian Isospora hominis, for example, has 
never been established in any species besides man, and man resists 
infection with all the known species of animal coccidia. The some- 
what closely related cat and dog coccidians, Isospora jelis and 
Isospora rivolta, will infect both these animals, as well as several 
other carnivores, but no other mammalsJ Coccidia of the genus 
Eimcria almost all infect only a single host: Eimeria per j or arts in- 
fects only the rabbit; Eimeria caviae only the guinea pig; and so 
forth. Even the avian coccidia of this genus are largely infective 
only for a single host. Those from such closely related birds as 
turkey, quail, pheasant, and chicken generally infect only the host 
from which each is naturally derived.** 

In the protozoan class Mastigophora several trypanosomes and 
certain intestinal species have a sharply restricted host range. The 
trypanosomes are nonpathogenic forms belonging to the Icwisi 
group. The type species. Trypanosoma Icwisi, infects wild rats nat- 
urally and can be introduced to albino rats and to guinea pigs 
experimentally. All other laboratory animals besides rats and 
guinea pigs arc, however, resistant. Related trypanosomes, such 
as Trypanosoma duttoni of mice. Trypanosoma vrspertilionis of 
bats, and Trypanosoma Ic^cri of anteaters, all are specific for the 
hosts mentioned and are not known to invade others. 

The intestinal flagellates of the genus Giardia also are highly 
specific forms. Giardia lamblia of man, for example, infects no 
animal besides man, with the possible exception of the monkey. 
Humans are not susceptible to infection with the corre.sponding 
forms found in rodents and other lower animals. 

Helminths. — The best examples of helminths with a sharply re- 
stricted host range are found in the classes Cestoda and Nematoda. 
Among the cestodes, the beef tapeworm. Taenia saginata, presents 
the most limited host range. Its adult form is found only in the 
human intestine, and its larval or cysticercus stage only in the 
tissues of cattle. Taenia solium, the human pork tapeworm, has 
only slightly broader choice. The adult of this form resides ex- 
clusively in the human intestine, but the larval form occurs in the 
somatic tissues of both the human and the pig. In general cestodes 

^ J. Andrews, Am. J. llyg., 28: 317 (1926). 

»E. E. Tyzzcr, Am. J. flyg., 10: 269 (1929). 
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of the family Taeniidae are restricted in ' hoice of host for the 
adult stage much more than for the larva. Even the adult of 
Echinococcus granulosus infects only the dog and two or three of 
its closest relatives (for example, the wolf and the fox), but the 
larva infects a broad range of mammals. Cestodes outside the 
family Taeniidae generally have less restriction in choice of host 
even for their adult stage. 

The nematodes having the most restricted host selection are the 
pinworms, the various species of Strongyloides, and the filarids. 
Man is the only host of the human pinworm, Rntcrobius vcrmicu- 
laris, and of the filarids Wuchereria bancrofti, Loa loa, Acantho- 
chcilonema Persians, and MansoncUa ozzardi. He is, furthermore, 
entirely resistant to the related forms found in many animals, 
since these species generally exhibit just as great restriction in 
host range as does the corresponding species from man. Stron- 
gyloides stcrcoralis occurs almost exclu-sively in man, although 
possibly sometimes in the dog, the fox, and the cat also. The lack 
of susceptible animals for these various human nematodes has 
seriously handicapped the experimental study of the infections 
they cause. 

PARASITKS WHICH INFECT MANY HOSTS 

Protozoa. — The pathogenic amoeba, certain intestinal flagel- 
lates, the leishnianias, and the pathogenic trypanosomes all have 
a comparatively broad potential host range. Endamoeba histolytica 
infects man, several species of monkey the dog,”' the cat,'^ and 
the rat.*“ The Macacus rhesus is considered a natural host for the 
parasite. The complete life cycle of the parasite goes on in this 
monkey quite as in man, with comparable lesions in the large in- 
testine.’'* Extraordinarily serious infections with Endamoeba his- 
tolytica are the rule among dogs and cats, with extensive ulceration 
and death as the final outcome. Cysts are not often developed in 

®R. HcRner, C. M. Johnson, and R. M. Stabler, Am, J. Hyg., IS: 394 (1932) ; 
H. E. Meleney and W. W. Frye, Am. J. Pub. Health, 27: 505 (1937). 

J‘’T. Simic, Ann. de parasitol., 13:345 (1935); O. Wagner, Arch. f. Schifjs-u. 
Tropen-Hyg., 39: 1 (1935). 

Simic, Ann. de parasitol., 13:345 (1935); O. Wagner, Arch. j. Schiffs-u. 
Tropen-Hyg., 1 (1935). 

H. Tsuchiya, Am. J. 'Prop. Med., 19: 151 (1939). 

C. Dobell, Parasitology, 23: 1 (1931). 
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these animals. On the other hand, tissue invasion is not known to 
occur in the rat, and cysts have seldom been observed, yet it is often 
suspected that this animal has importance in the natural trans- 
mission of the parasite among human beings. 

Of all the intestinal flagellates the trichomonads have the broad- 
est choice of hosts. Trichomonas hominis can certainly infect at 
least the rat, the mouse, the kitten, and the chick, besides man.'* 
The rat appears important as a disseminator of the human tricho- 
monad, since experimental infections persist in this iminial for more 
than a year and spread naturally from rat to rat.'® Some observers 
consider that trichomonads found in the mouth, the intestine, and 
the vagina of man have the same organ preference after transfer to 
the rat or the kitten, although this point of view requires further 
substantiation.’" Another intestinal flagellate, Chilomastix mesnili, 
can infect both man and the chick.' ^ 

Lcishmania dotiovani infects several kinds of animal, including 
particularly the monkey, the dog, the cat, and the Chinese hamster, 
as well as while rats and mice, voles, Chinese house mice, and 
house rats.'" 

The trypanosome with the broadest choice of hosts is Trypano- 
soma brucei. This form can infect representatives of essentially all 
orders of mammal. Only man and the baboon, among primate 
mammals, resist it. Sometimes even fowls and other birds will 
harbor the parasite for considerable periods after inoculation, al- 
though the parasite does not propagate itself well in avian hosts. 
The human trypanosomes also infect a wide variety of hosts. Tryp- 
anosoma rhodcsicnsc. has about the same host range as Trypano- 
soma brucci and, like it, causes infections of great severity. Tryp- 
anosoma gambiense develops in many carnivores, rodents, and 
even-toed ungulates, as well as in many primates. The South Amer- 
ican form, Trypanosoma cruzi, infects such species as armadillos, 
opossums, dogs, cats, bats, and primates, as well as the usual 
laboratory rodents. 

The balantidias are more or less intermediate as far as host 

R. IICKner, Am. J. Ilyg., 9: 529 (1929). 

R. Hepner and L. Eskridj^e, Am. J. Ifyg., 21: 135 (1935) ; 26: 124 (1937). 

A. E. Boncstcll, J. Parasital., 22: 511 (1936). 

1" R. Hcgner, /. Parasitol., 23: 1 (1937) ; G. H. Ball, Am. J. Ilyg., 16: 85 (1932). 

C. W. Young, M. Hertig, and L. Pao-Yung, Am. J. Hyg., 10: 183 (1929). 
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range is concerned. They do not have such t'xtraordinary restric- 
tion as the sporozoans, yet are more restricted than the other 
protozoans mentioned in the present section. Balantidia from 
man, monkey, and pig will infect the alternate hosts, and those 
from the chimpanzee and the pig can be established fairly well 
in the rat and the guinea pig.'” Colonic le.sions have not how- 
ever, been demonstrated in such experimentally Infected ro- 
dents,-” although they have been described in man, the pig, and 
the monkey. Also, encystment does not occur in the rodent in- 
testine, although cysts are produced in the natural hosts."' 

Helminths. — The trematodes as a class have a comparatively 
broad choice of hosts. For example. Fasciola hcpatica can estab- 
lish itself in such forms as kangaroo, dog, rabbit, sheep, cow, 
horse, and elephant. Metagonimus yokogawai infects certain pri- 
mates, carnivores, rodents, and ruminants, as well as pelicans, 
although its close relative Hetcrophyes hetcrophyes is more re- 
stricted, invading only certain primates and carnivores. The 
schistosomes have rather broad infectivity. Schistosoma japoni- 
cum ha.s been found naturally in .such hosts as man, tat, and cow 
and is readily infective experimentally in laboratory monkeys 
and rodents, as well as horses. Similarly, other significant trema- 
todes generally can invade many varieties of host. 

The cestodes of families other than the 'I'aeniidae usually in- 
fect several varieties of animal. Hymcnolcpis nana and Hyme- 
nolcpis diminuta, for example, occur in both man and certain 
rodents, and Dipylidium caninum occurs in man and dogs. Di- 
phyllobothriiim latum has an even broader choice of hosts, since 
it occurs in practically all lish-eating mammals, including man, 
dog, cat, fox, mink, bear, and pig. 

Among nematode parasites, Trichinclla spiralis has the broad- 
est choice of host. This parasite regularly infects not only man 
and other primates but also nearly all other mammals, includ- 
ing carnivores, rodents, and ungulates. It will also infect the 

^•‘F. 0. Atchlcy, J. Parasitol., 21: 183 (1935); A. Gabaldon, /. Parasiiol., 21: 
386 (1935) ; E. C. Nelson, A7n. J. Hyg., 22: 26 (1935) ; E. Schumakcr, Science, 70: 
385 (1929); Am. J. Hyg., 12: 341 (1930). 

O. Atchley, J. Parasiiol., 21: 183 (1935). 

F. O. Atchley, J. Parasitol., 21: 183 (1935) ; E. Sduimaker, Am. J. Hyg., 12: 
341 (1930). 
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young of a number of species of birds, although avian hosts are 
probably not of importance in the natural transmission of the 
parasite.^- The New World hookworm, Nccator americanus, like- 
wise will develop not only in man but also, at least occasionally, 
in dog, rat, pig, horse, and pangolin. Similarly, the guinea worm, 
Dracunculus medinensis, infects man, several carnivores, and 
possibly a number of ungulates. Such a broad range of hosts is, 
however, exceptional among the nematode parasites, restriction 
being distinctly greater as a rule than among trematodes and 
cestodes. 

FACTORS INFLUENCING NATURAL RESISTANCE 

The factors influencing natural resistance and more or less 
explaining it are quite numerous, and no one of them applies to 
all examples. Certain fundamental factors, such as the genetic 
constitution of the host and perhaps also of the parasite, un- 
doubtedly play a profound role in natural resistance. But other 
more superficial and decidedly more variable characteristics of 
the individual also arc significant, such as age, diet, intercurrent 
infection, and debility or stimulation from other causes.-'* The 
influence of these several factors, as well as others, upon natural 
resistance will be briefly discussed. 

GENETIC CONSTITUTION OF THE HOST 

The difference in natural resistance against a given parasite 
manifested by two different races or breeds within a single species 
of host is best explained through the genetic constitution of the 
individuals. The best example of a racial difference in resistance 
among human parasitic infections is found in malaria. From 
studies carried on chiefly in induced malaria therapy of neuro- 
syphilis it is clear that the Negro race has greater resistance to 
malaria than has the white race. Negroes sometimes resist ab- 
solutely all attempts to infect them with Plasmodium vivax, and 
when they do contract the infection, they suffer only compara- 
tively mild cases after prolonged incubation periods. Even young 

-- K. Matuff, Tierarzll. Rundschau, 42 : 401 (1926) ; Ztschr. j. Injeklionskr., S4: 
116 (1938). 

-“A. C. Chandler, J. Parasitol., 18: 13S (1932). 
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Negro children resist this parasite.-^ White persons, on the other 
hand, are uniformly susceptible to Plasmodium vivax. According 
to one report, all but 16 of 103 white persons contracted malaria 
after the first experimental inoculation by infected mosquito, and 
11 of 12 of those escaping the first time promptly contracted the 
disease on second inoculation.-’' Failure to infect Caucasians with 
Plasmodium vivax can generally be referred to premunition in 
the host or to the administration of parasites of degraded viru- 
lence.-'* 

Generally Negroes can be infected with Plasmodium falci- 
parum adequately for the purposes of malaria-induced therapy, 
but they suffer milder infections than do white persons.-^ They 
seldom experience the important sequel of prolonged falciparum 
infection, blackwater fever. Negroes also suffer milder infections 
than do white persons with Plasmodium knuwlcsi the monkey 
parasite sometimes used in the therapy of neurosyphilis of man.-® 

Some evidence for racial differences in resistance is also seen 
among the helminthiases. Negroes in the United States seem le.ss 
susceptible to Ilymcnolrpis nana than are whites.- ' The hook- 
worm larvae penetrate the skin of Negroes less readily than that 
of white persons. The Javanese and the bushmen in Paramaribo 
are reported to resist clinical effects of filariasis more successfully 
than do Creoles with equal filarial infection.®* Among animals, 
Cheviot sheep are more tolerant of infection witn Ilaemonchus 
contortus than are lowland breeds of .sheep,’*- and heavier breeds 
of chickens (Rhode Island Reds, Plymouth Rocks) are more 
resistant to Ascaridia lincata than are lighter breeds (Leghorns, 
Buff Orpingtons, Minorcas).®** Even within a given breed (Mi- 

M. F. Boyd, South. M. J 27; ISS (1934) ; M. F. Boyd and W. K. Stratman- 
Thomas, Am. J. II yg., 18: 485 

M. F. Boyd, South. M. 27: 155 (1934). 

-‘^M. F. Boyd and W. K. Stratman-Thomas, Am. J. Ilyg., 19: 541 (193‘»). 

M. F. Boyd and S. F. Kitchen, Am. J. Trop. Med., 17: 213 (1937). 

2® D. F. Milam and L. T. CogRcshall, Am. J. Trop. Med., 18: 331 (1938) ; D. F. 
Milam and E. Kusch, South. M. J., 31: 947 (1938). 

29 G. F. Otto, J. Parasitol., 21: 443 (1935). 

29 W. G. Smillie and D. L. Augustine, /. A. M. A., 85: 1958 (1925). 

21 L. Elsbach, Geneesk. Tijdschr. v. Nederl. -Indie, 73: 647 (1933). 

22 W. T. M. Cameron, Proc. Ini. Vet. Congr., N.Y., 3: 44 (1935). 

22 J. E. Ackert, Tr. Dynamics of Develop., 10: 413 (193.5). 
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norca) heavier strains of fowl are more resistant to Ascaridia 
than lighter ones. 

The significance of the genetic constitution in natural resist- 
ance has been well shown experimentally in chickens infected 
with Ascaridia lineata. In the second of two successive years a 
flock of Minorca chickens became much more susceptible to this 
parasite. The difference was finally attributed to a change in the 
genetic constitution of the flock, resulting from the introduction 
of new cockerels at the end of the first year. The birds in the 
second year’s flock were significantly lighter in weight, and their 
susceptibility to the nematode increased as their weight fell.-'* 

The blood group . — No connection is known between any hu- 
man blood group and natural resistance to parasitic infection. 
One large study, involving two thousand Tamile, concluded that 
malaria was contracted equally by persons of all blood groups.*® 
When possible in malaria-induced therapy, inoculation should be 
made from a donor of the same blood group as the patient so 
that the parasites will not be injured by the agglutination of the 
injected erythrocytes.'"* 

AGE 

The age of the host influences significantly its natural resist- 
ance. Very young animals can be easily infected with many para- 
sites which older animals resist perfectly. These forms are usually 
eradicated naturally as the host matures. The phenomenon of 
age resistance is, however, so large a subject and one of such im- 
portance that a complete chapter will be given to its considera- 
tion. The subject will not be discussed further here, therefore, 
but will be presented in detail in Chapter III. 

SEX AND REPRODUCTION 

Given equal exposure to infection, male and female persons or 
animals are generally about equal in their natural resistance to 
most parasitic infections. In anioebiasis and in kala azar, how- 
ever, a disproportionate number of cases are found among males, 

J. E. Ackert and J. H. Wilmoth, J. Parasitol., 20; 323 (1934). 

R. Green, Tr. Roy. Soc. Trap. Med. and Uyg., 23: 161 (1929). 

G. Hopf, Miinchen. rued. Wchnschr., 75: 1755 (1928). 
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which is not attributable to greater exposure. Usually under the 
strain incident to some phase of reproduction, both males and 
females are less resistant than normally to both protozoan and 
helminth infection.^” A latent infection with malignant malaria, 
for example, often flares up during pregnancy, labor, or after 
parturition.-'’* Likewise, the natural resistance of sheep to Uae- 
monchus contortus is reduced in rams during the breeding season 
and in ewes during reproduction and especially during lactation.*'-* 
Furthermore, female partridges are more susceptible to Syngamus 
trachea than are males, *'* at least during the period of egg lay- 
ing.^ ^ On the other hand, female guinea pigs are relatively re- 
sistant to Trypanosoma cquiperdmn during pregnancy,** and 
mice assume enhanced resistance to Ilymcnolcpis jraterna for 
some days after parturition.'* 

Attempts to influence the resistance of rats to trichomonads by 
the administration of sex hormones or other such products have 
not been very successful." On the other hand, their resistance to 
Trypanosoma Icwisi is reported to be reduced by bilateral gona- 
dectomy.*-'' Female rats have greater natural resistance to cysti- 
cercosis than males.'*' Ovariectomy or the administration of the 
male hormone reduces the resistance of the female rat. The 
analogous treatment enhances resistance in the male. 

INTERCURRENT INFECTION 

It would seem possible that if an animal were already infected 
with one disease agent at the time he was exposed to a second, 
the chance for infection with the second would be greater be- 
cause of some depressing effect the initial infection might have 

Cl. A. W. Wickramasuriya, Malaria and ancylostomiash in the pregnant woman, 
London, Humphrey Milford, 1W7. 

D. S. Karve, Kenya and East African M. J., 6: 43 (1929) ; P. Dalcas, Bull. Soc. 
med.-rhir. de VIndochine, 13: 432 (1935). 

N. R. Stoll, J. Am. Vet. M, A., 96: 305 (1940). 

A. Clapham, J. Ilelminthol., 17: 192 (1935). 
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upon the natural powers of resistance of the host. On the other 
hand, the possibility certainly remains that the powers of re- 
sistance of the host would have been set in motion by the initial 
infection so that the second agent would encounter a resistance 
of higher level and be unable to establish itself at all in the host. 
A third possibility also exists — namely, that each infection runs 
its course independently of an earlier or concurrent one. Of the 
many studies involving parasites carried out on the problem, from 
either the clinical or the experimental point of view, a majority 
have suggested that the natural resistance is altered in one way 
or the other — either enhanced or depressed — by an intercurrent 
infection. The finding of a disproportionally large number of hu- 
man infections with two or more species of amoebae or with 
amoebae and intestinal flagellates, for example, has been sug- 
gested as evidence that infection with one of these forms pre- 
disposes to infection with the other.” Monkeys, likewise, ap- 
pear more susceptible to experimental Le.hhmania donovani 
infection if already infected with malaria.'"* On the other hand, 
if mice be simultaneously infected with spirochetes and patho- 
genic trypanosomes they live longer than if given the trypano- 
some alone,'*'-’ the development of the trypanosome not infre- 
quently being completely inhibited.-'’*’ A similar observation is 
made in malaria: when Plasmodium vivax and Plasmodium falci- 
parum are injected simultaneously into white persons, Plas- 
modium falciparum assumes the greater prominence first, but this 
more malignant infection declines as Plasmodium vivax increases, 
since the vivax parasite is the dominant one.*” When Plasmodium 
vivax and Plasmodium malariac are given simultaneously, a sim- 
ilar circumstance is observed, Plasmodium malariac often being 
completely inhibited by Plasmodium vivax.^- Similarly, one spe- 

1). C. Boughton and K. E. Byrd, Am. J. Hyg., 27: 88 nW8). 
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tdtsforsch. u. exper. Therap., 89: 161 (1936) ; F. Tanzer, Arch. ilal. di sc. med. colon., 
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M. F. Boyd .and S. F. Kitchen, Am. J. Trap. Med., 17: 8SS (1937). 

B. Mayne and M. D. 'Voung, Pub. Health Rep., .53: 1289 (1939). 
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cies of trypanosome often depresses anoth;;: inoculated at the 
same time.''*^ Repeated malaria infection in infants is said to pro- 
tect them against trypanosomiasis in endemic areas.'’* No mutual 
influence, on the other hand, can be noted between malaria and 
typhoid fever; but malaria superimposed on tuberculosis is 
said to depress tuberculin sensitivity and to lead to e.xtension 
of the tuberculous lesions •'’* or even to relapse in those about to 
recover.'** 

Very few studies have been carried out on the effect of inter- 
current infection upon the helminthiases. Mice are known to 
suffer internal autoreinfection with Hymaiolcpis jraterna if they 
are suffering from paratyphoid infection. On the other hand, in 
turkeys with blackhead the nematode Iletcrakis gaiUmc is re- 
tarded in development and reduced in number compared with 
healthy birds.'"’ Birds with leukaemia harbor a more intense in- 
fection with Hrtcrakh gallinar,'’' although those with tuberculosis 
appear peculiarly resistant to this nematode.'"- Infection with 
other helminths appears to be one of the most significant pre- 
disposing factors to infection with Iletcrakis galUnar. 

From what has been said, it is obvious that the effect of inter- 
current infection upon the natural resistance of a host to any 
parasite is as yet poorly understood. Usually resistance is al- 
tered by the intercurrent infection, but in some cases it is in- 
creased and in others decreased, without a very definite trend be- 
ing discernible. Nevertheless the most significant effects have 
seemed to result when the two agents concerned are closely re- 
lated — for e.xample, two species of human malaria parasite. 
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DIET 

The character of the diet influences very profoundly certain 
parasitic infections. The most conspicuous effects are seen upon 
those parasites which reside in the alimentary canal or the tissues 
lining it, yet some evidence for an influence of the diet upon 
somatic infections also is available. 

Protozoan injections . — A generally balanced and ample diet 
favors the resistance of man to amoebiasis, since infected indi- 
viduals suffer less often from clinical symptoms when the diet is 
good."'' Experimental infections with amoebae in dogs usually im- 
prove if the animals are placed on a diet of raw liver, the para- 
site often thereafter being wholly eradicated.'’* A high-protein 
diet, favoring proteolytic bacteria, decreases the intensity of nat- 
ural infections with Endamoeba muris in mice.'’"’ The intestinal 
flagellates of rats also are adversely affected by a high protein 
diet,"" although little clinical evidence is yet available that the 
nature of the diet affects the presence of these parasites in man."’^ 
Rats are not freed of their intestinal flagellates by starvation,"" 
and certain bile salts,"" as well as liver (which acts so favorably 
on experimental amoebic infections in dogs), actually favor the 
increase of these flagellates in the rat. The intestinal ciliate. 
Balantidium coli, becomes established in the gut of rats only if 
hosts are on a high carbohydrate diet and is reduced in num- 
ber or eliminated after infected animals are transferred to a diet 
high in protein. 

The animal coccidioses are particularly susceptible to control 

F. D. Alexander and H. E. Melenej’, Ain. J. Uyg., 22: 704 (IQ-V*;). 
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through the diet.'** Large amounts of vitamin G favor more in- 
tense coccidiosis in the experimentally infected rat, and the strict 
limitation of this vitamin is, therefore, recommended for con- 
trolling the infection in this animal.'*^ Vitamin Bj exerts a re- 
straining influence upon the rat coccidian.^"* In fowl coccidiosis, 
dried skim milk or buttermilk plus wheat middlings added to the 
diet increases the severity of the disease.' The addition of sul- 
phur to the ration, on the other hand, decreases the infection 
among fowls, although this element is often toxic to the hosts. 
Vitamins A and D have slight or no effect on the course of coc- 
cidial infection.'^'* 

In humoral protozoan infections, the effect of diet is less ob- 
vious. A generally poor diet is not found to affect resistance in 
trypanosomiasis, and vitamin A specifically has no effect in ex- 
perimental rrypanosonia brucci disease of rats.^^ Vitamin C, 
however, occasionally aborts Trypanosoma brucci infections of 
guinea pigs, although no such action is seen in mice which harbor 
the same parasite.”- Pigeons can be rendered susceptible to Tryp- 
anosoma brucci by starvation or by a deficiency of vitamin B.”" 
The addition of copper and iron or both to the diet of rats ele- 
vates their resistance to 'Trypanosoma Icwisi.^^ The severity of 
infections with the pathogenic trypanosomes can be to some ex- 
tent controlled by regulating the blood sugar: parenteral injec- 
tions of glucose elevate the blood sugar and lead to earlier 
death,”’ whereas insulin admini.stration prolongs the life of the 
infected host.”‘‘ The diet plays only a minor role in malaria, al- 
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though relapse in benign tertian infections is said to occur more 
often if the diet is rich in sugar."^ Canaries are found to suffer 
only a lower-grade infection with Plasmodium cathcmcrium if 
treated with insulin so as to maintain a low blood sugar/* 
Helminth infections. — The quality of the diet is important also 
in a number of helminth diseases, particularly in experimental 
hookworm infection of dogs. Animals on a poor diet manifest 
definitely less resistance to hookworm disease than those on a 
good diet.*'-’ The natural resistance of older animals can be broken 
down by providing these animals with a poor ration,"" although 
their resistance is regained when a good ration is resumed."^ The 
heaviest human infections with hookworm also occur in those on 
a poor diet."- Pvssentially similar conditions are observed also in 
human ascariasis,"" in rats with Nippostrongylus muris,''* and in 
lambs with Hacmonchus contortus”'" although the dietary effects 
must often be extreme before resistance is significantly altered. 
On a white bread and water diet rats become less resistant to the 
cestode Ilytnenolepis jraterna, although the worms fail to reach 
maturity in animals on such a diet."" The starvation of fowls for 
twenty to forty-eight hours upsets the metabolism of Raillictina 
ceslicillus which they harbor, long chains of proglottids of the 
parasite commonly being broken off and eliminated."^ 

The significance of vitamin A in resistance against helminth in- 
fections has been studied almost to the exclusion of other acces- 
sory factors. A deficiency of vitamin A is found by some to in- 
crease the susceptibility of pigs to Ascaris lumbricoides, although 
most studies conclude that this vitamin has no effect in this in- 

VV. Bird, Indian J. M. Research^ 16: 109 (1928). 

R. IIcRncr, J. Paradtol., 23: 1 (1937). 

w. W. Cort and G. F. Otto, Rev. Gaslroentcrol., 7: 2 (1940); W. W. Cort, 
J. Parasitol., 19: 142 (1932) ; A. O. Foster and W. W. ('ort, Science^ 73: 681 (1931) ; 
Am. J. Ilyg., 16: 241 (1932) ; Am. J. Hyg., 21: 302 (1935) ; G. F. Otto and J. W. 
Landsbers, Am. J. Ilyg.j 31: 37 (1940, see. D). 

‘‘••’A. O. Foster and W. VV. Cort, Am. J. Ilyg., 21: 302 (1935). 

A. O. Fo.stcr and W. W. Cort, Science, 73: 681 (1931). 

A. O. Foster and W. W. Cort, Am. J. Ilyg., 16: 241 (1932). 

C. F. Ahmann and L. M. Bilstol, South. M. J., 26: 959 (1933) . 

I). Porter, Am. J. Ilyg., 22: 467 (1935). 

•'’* A. IT. H. Fraser and D. Robertson, Emp. J. Exp. Agric , 1: 17 (1933). 

A. Shorb, Am. J. Ilyg., 18: 74 (1933). 

”^\V. M. Reid, J. Parasitol. {Snppl.), 26: 16 (1940). 



NATURAL RESISTANCE 3I 

fection.®* More marked results from vitamin A deficiency have 
been reported in dogs infected with Toxocara cams, older dogs be- 
ing susceptible to the parasite only when they are on such a diet. 
The greater susceptibility of dogs on an A-deficient diet is trace- 
able to a deficiency in intestinal juice, this juice providing nor- 
mally a chemical barrier which prevents young larval worms in 
the intestine from penetrating tissues of the gut wall.®'' Likewise, 
the resistance of fowls to Ascaridia linc.ata is less when on an 
A-deficient diet, more and larger worms developing in such ani- 
mals, probably because of diminished peristalsis and the conse- 
quent prolonged presence of the food in the intestine."’" Resist- 
ance of rats to Nippostrongylus minis "" and to Trichinella 
spiralis is less if the diet is low in vitamin A, no specific re- 
sistance then being acquired against a second infection with 
Trichinella spiralis.^"'^ The effect of a vitamin-E deficiency in the 
diet seems to be in an opposite direction in trichinia.sis, rats on 
such a diet suffering less severe infections."" 

The presence or absence of certain chemicals in the ration also 
affects resistance. Chicks on a diet lacking manganese become 
more susceptible to the tapeworm Raillictma ccsticillus,^"^ and 
cats and dogs on a diet low in minerals are more susceptible to 
nonspecific strains of hookworms."'" The addition of iron alone 
to a poor diet is of little use in raising resistance to hookwoi-m 
disease, but a more substantial effect is attained by a general im- 
provement in the ration. Parathormone is found helpful by 
some in accelerating the calcification of trichina cysts,’"" although 
others cannot confirm this result."’” 
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SIGNIFICANCE OF SPECIFIC ORGANS AND TISSUES 

The relationship of certain organs and tissues to natural re- 
sistance has been investigated with great care, although with by 
no means uniform results. The usual manner of determining the 
part each organ plays is by comparing the resistance of animals 
from which that organ has been functionally eliminated — either 
through extirpation or otherwise — with that of normal animals. 
The parasites used in most studies on the significance of specific 
organs and tissues are the somatic protozoans, especially the 
leishmanias, trypanosomes, and malarial organisms. 

Effect of the reticulo-endothelial system and the spleen . — The 
reticulo-endothelial system is believed to have more to do with 
the resistance of an animal than any other organ or tissue. Condi- 
tions which limit the function of this system of tissues seem to 
interfere seriously with the resistance which an animal can mani- 
fest against any parasite. If the reticulo-endothelial system is 
blockaded by an injection of a solution of India ink or other 
material which can lodge in its cells, antibody production is usu- 
ally depressed and resistance is proportionately reduced. A much 
greater effect is obtained if reticulo-endothelial blockade is com- 
bined with splenectomy, the spleen representing the largest single 
mass of reticulo-endothelial tissue which can be surgically ex- 
tirpated. According to reports of many experimenters, removal of 
the spleen alone suffices to lower resistance drastically. 

Unfortunately, the many experimental investigations upon 
the role of the reticulo-endothelial system and spleen have led 
to confusing results. In trypanosomiasis, for example, reticulo- 
endothelial blockade by India ink often decreases resistance,'^® 
although sometimes no effect whatsoever can be observed."' 
Likewise, splenectomy is believed by some to increase the sever- 
ity or duration of a subsequently induced infection,"^ and the 

H. Amako, Zentralbl. f. Bakt. 116: 280 (1930); N. v. Jancso and H. v. 
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implantation of splenic tissue to splenectomized animals occa- 
sionally restores this resistance.’ Others note, however, little or 
no such alteration in resistance.’^ Even combined reticulo- 
endothelial blockade and splenectomy does not always success- 
fully depress resistance, although generally it is effective in doing 
so.”^ Exposure to X ray is said to be without effect in experi- 
mental trypanosomiasis.”^’ 

In experimental kala azar, hamsters become more susceptible 
after treatment with benzol or after splenectomy, both these pro- 
cedures depressing rcticulo-endothelial function.”^ No difference 
has been found, on the other hand, between the resistance of 
splenectomized and normal mice to Leishmania donovani.^^^ Sple- 
nectomy is often resorted to with apparently some success as a 
means of therapy in human visceral leishmaniasis.”® 

The results of studies with malaria are much more in agree- 
ment as to the importance of the spleen in natural resistance than 
are those with the flagellate parasites. Human infections with 
clinically cured malaria very frequently relapse after splenec- 
tomy.’-^ Monkeys also are more susceptible to the monkey ma- 
larias after splenectomy,’-’ and often the monkeys succumb to 
species of parasites which are well tolerated by the normal mon- 
key.^-- Not infrequently operated monkeys relapse after clinical 
cure.’-*’ 

Other organs . — The removal of the adrenal glands or of the 
hypophysis ’-® results in the death of rats after infection with 
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Trypanosoma lewisi, death usually occurring in about five days. 
The parasite counts are not raised above the usual level in the 
operated animals, and death appears to be related more to 
changes in the chemical balance of the blood than to an altera- 
tion in the resistance mechanism itself. Thymectomy, on the other 
hand, enhances resistance to Trypanosoma lewisi, both the sever- 
ity and duration of an infection being less in operated rats. Bi- 
lateral gonadectomy depresses the resistance of rats to this 
parasite, although unilateral nephrectomy has no effect.’-" The 
infection of chicks with caecal flagellates can be rendered impos- 
sible by caecectomy, the parasites evidently being unable to sur- 
vive in other parts of the food canal.’ 

ADDITIONAL FACTORS: HEMORRHAGE; ALCOHOL 

A number of other factors significantly influence resistance. 
For example, repeated hemorrhage lowers resistance against the 
intestinal nematodes.'-* The administration of alcohol to mice for 
one or two weeks prior to infection with Trypanosoma gambiensc 
is said to lead to earlier death of the animals.'-" The abuse of 
alcohol is said to predispose humans to amoebic infection. When 
alcohol is given simultaneously with infective cysts of Trichinella 
spiralis, however, the severity of ensuing infections is sharply re- 
duced, presumably because the alcohol prevents the exeystation 
of the parasites.’"® 

SPECIAL DEFENSIVE AND INVASIVE FACTORS 

Natural resistance is often explained through the possession of 
special means of defense by the host or of special means of in- 
vasion by the parasite. Many of these mechanisms are without 
the scope of this text and will not be mentioned. Others, however, 
do have an immunological basis and will, therefore, be described 
briefly. 
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DEFENSIVE MECHANISMS OF THE HOST 

The natural defensive mechanisms of the host usually depend 
basically on the action of its cells or, somewhat more obviously, 
on the secretions of these cells, especially as found in the blood 
plasma or serum and in the digestive juices. Infection with amoe- 
bae, for example, seems to depend upon the absence of free hydro- 
chloric acid from the stomach of the host,’*! coccidial in- 
fection occurs only in animals whose digestive juice contains 
components causing excystation of the parasite.’** Conversely, 
infection with the adult of Echinococcus granulosus is possible 
only in those few animals whose intestinal juice does not digest 
the scolices of the larval stage of this cestode.’** 

The normal serum of certain animals also contains antagonistic 
substances for a number of parasites. Human serum, for example, 
as well as that of a few other primates, will lyse cither in vitro or 
in the animal body any of the numerous pathogenic trypanosomes 
of animals, despite its inactivity upon the human pathogens.’®^* 
These parasites from animals cannot infect man, perhaps because 
of this action of human serum. Essentially similar phenomena are 
seen when the normal serum of a wide range of animals is added 
in vitro to certain species of cercariae.’*® These parasites are 
killed and lysed by the serum even when this is added in con- 
siderable dilution. A similar effect is produced when fish trema- 
todes are exposed to the mucus of certain resistant fish.’®" All 
these studies suggest that susceptibility or resistance is related to 
components of the serum or the body secretions of the host. 

The action of the body cells themselves also is a definite factor 
in natural resistance, although their activity in the normal animal 
is often difficult to demonstrate. Their function is much more 
easily seen when specific antibody is also present in the serum. 
Nevertheless, in experimental malaria of monkeys, for example, 
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the macrophages of the normal animal can, even in the beginning, 
phagocytize the infected red cells, although at a rate too slow to 
keep the infection in check.**'' After the crisis or after antibody 
is supplied passively these cells immediately manifest enhanced 
phagocytizing potentialities, and the infection is soon controlled. 
Likewise, a cellular infiltration is noted about migrating nema- 
tode larvae in the somatic tissues of normal animals, although 
much less in both amount and effect than in immunized ani- 
mals.*** 


INVASIVE MECHANISMS OF THE PARASITE 

Trematode cercariae that invade tissue are equipped with 
glands which assist the organism to penetrate the tissue. These 
glands secrete a ferment which digests the tissue through which 
the cercariae must pass. This ferment can also be demonstrated 
in vitro after extraction from the bodies of the cercariae, and ex- 
tracts containing it readily digest tissue from susceptible ani- 
mals.**" The action of this lysin is more or less analogous with 
that of the cytolysin believed to be formed by Endamocba his- 
tolytica. Cercariae devoid of glands for producing this ferment 
are not tissue invaders. The lysin of the amoebae just mentioned 
is considered to enable that protozoan to make its way beneath 
the intestinal epithelium. 

Certain of the other helminth parasites, particularly nematodes, 
are believed to produce antienzymes which not only protect the 
worm from digestion by the ferments of the host but also inhibit 
the action of the host’s digestive juices upon ingested food. The 
extreme emaciation and generally poor condition of animals 
which have heavy infections with these parasites is believed to 
result from the action of the antienzymes produced by the para- 
sites.**" 

W. H. Taliaferro and P. R. Cannon, J. Infect. Dk., S2: 72 (1936). 

W. H. Taliaferro and M. P. Sarles, J. Infect. Dk., 64; 1S7 (1939). 

>»»D. J. Davis, J. Pamsitol, 22: 108 (1936); G. W. Hunter, III, and W. S 
Hunter, J. Parasitol., 23: 572 (1937). 

J. Stewart, 3rd Rep., Vniv. Cambridge, Inst. Animal Pathol., 77 (1932-33). 



chapter III 
AGE RESISTANCE 


Y oung animals often suffer intense or even fatal infections 
with parasites which either fail entirely to establish them- 
selves in older hosts or else produce only mild infections. This 
follows because these animals become naturally resistant to the 
parasite as they grow older, without experiencing an infection 
with it. The refractory state of normal older animals which be- 
long to species whose young are siusceptible is commonly termed 
“age resistance.” The young animals appear either to lack the de- 
fensive mechanisms which enable the older hosts to resist the 
parasite or else to provide a more favorable milieu in which the 
parasite may develop. Often such parasites as the young host has 
acquired are expelled when the host attains the resistant age. 

EXAMPLES OF AGE RESISTANCE 

Age resistance occurs with respect to both protozoan and 
helminth parasites. Examples will first be given of each of these 
groups, and then explanations of the phenomenon of age resist- 
ance will be suggested. 

PROTOZOrt 

Age resistance has been demonstrated to protozoans of such 
diverse groups as amoebae, intestinal flagellates, trypanosomes, 
coccidia, and malaria organisms. Endamoeba histolytica has its 
greatest incidence in young adults; persons over thirty- five years 
old seldom harbor the parasite. Among inmates of institutions, 
however, where perhaps greater opportunity for infection obtains 
than in the population at large, the incidence of infection often 
remains high even among the aged.^ Young dogs and cats suffer 

^ D. H. Wenrich and J. H. Arnett, J. Parasiiol., 23: 3J8 (1037). 
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more severe experimental infections with Endamoeba histolytica 
than do older animals.® 

Age resistance has been demonstrated only to Giardia lamblia * 
among the intestinal flagellates. No resistance is developed with 
age to either natural or experimental infection with the tricho- 
monads.^ 

Only a few examples of age resistance to trypanosomes have 
been reported. The phenomenon has been repeatedly shown with 
respect to Trypanosoma cruzi, both in man and in animals.® A 
definite age resistance is also manifested to Trypanosoma Icwisi, 
the natural trypanosome of rats.® An inverse age resistance oc- 
curs to the effects of Trypanosoma equiperdum infection in rats, 
although the parasite is lethal to all age groups.'^ The more fre- 
quent relapse in young rats after treatment of Trypanosoma 
brucei infection with arsenicals and antimonials may be tlie re- 
flection of an age resistance by the animals to this parasite.® 

Chicks of all ages are susceptible to the pathogenic coccidian 
Eimeria tenclla, but those over three months old are considerably 
more resistant than are younger birds.® An inverse age resistance 
has been reported in chicks to Eimeria necatrix, young birds suf- 
fering less from this infection than older ones.'® 

Children experience more frequent and more intense infection 
with Plasmodium vivax malaria than do adults." The age group 
most frequently infected is that between five and nine years.'® 

2 O. Wagner, Arch. /. Schiffs- u. Tropen-Hyg., 39: 1 (1935). 

3 K. M. Lynch, Am. J. Trop. Med., 8: 345 (1928) ; T. H. Mugath and P. W. Brown, 
.Am. J. Trop. Med., 10: 113 (1930). 

^ K. M. Lynch, Am. J. Trop. Med., 8: 345 (1928) ; R. Hegnur, Am. J. Hyg., 9: 529 
(1929). 

•'* S. Niimi, Jap. J. Exper. Med., 13: 543 (1935) ; P. Regendanz, Zentralbl. /. Bakt., 
116: 256 (1930) ;M. H. Kolodny, 7. //yg., 29: 13,155 (1939, sec. C). 

®B. Borghi, Soc. internaz di microbiol., Boll. d. sez Hal., 4: 69 (1932); C. A. 
Herrick and S. X. Cross, J, Parasitol, 22: 126 (1936) ; C. J. Duca, Am. J. Hyg., 29: 
25 (1939, sec. C). 

" H. A. Poindexter, Am. J. Hyg., 29: 111 (1939, sec. C). 

*H. Neumann, Ztschr. f. Immunitdisforsch. u. exper. Therap., 74: 177 (1932). 

" C. A. Herrick, G. L. Ott, and C. E. Holmes, J. Parasitol., 22 : 264 (1936). 

E. E. Tyzzer, H. Theiler, and E. E. Jones, Am. J. Hyg., IS: 319 (1932). 

I. Balteanu and I. Alexa, Arch, roumaines de path, expir. et de microbiol., 8: 
491 (1935) ; M. Ciuca, L. Ballif, and M. Vieru, Arch, roumaines de path, expir. et de 
microbiol., 3: 209 (1930) ; P. S. Djaparidsc, Arch. /. Schiffs- u. Tropen-Hyg., 36: 
476 (1932) ; W. C. Earle, Puerto Rico J. Pub. Health & Trop. Med., IS: 3 (1939) ; 
L. H. Henderson, Tr. Roy. Soc. Trop. Med. & Hyg., 28: 157 (1934); F. Pistoni, 
Arch. ital. di sc. med. colon., 18: 138 (1937). 

W. C. Earle, Puerto Rico J. Pub. Health & Trop. Med., IS: 3 (1939). 
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Age resistance to Plasmodium falciparum has also been de- 
scribed,^* although some authorities find the percentage of car- 
riers increases with ageJ'* 

HELMINTHS 

There is as yet but little data available upon age resistance to 
trematodes. The maximum incidence of human schistosomiasis 
occurs in persons between ten and fifteen years of age.'"’ The 
disease rarely affects those over thirty years old "* Other human 
trematode infections have as yet been too little studied for gen- 
eralization. Herring gulls seem to acquire resistance with age to 
the cloacal trematode Parorchis acanthus,'’’ and frogs resist Di- 
plostomum flcxicaudum following their metamorphosis from tad- 
poles.’® Certain marine fish show an inverse age resistance to a 
monogenetic trematode Rpibdclla mellcni."' 

Age resistance has been demonstrated with cestodes of the 
genera Diphyllohothrium, Ilymcnolcpis, and Raillictina. Hyme- 
nolepis nana has its greatest incidence in persons from five to 
fourteen years of age.-" Rats and mice five to seven months old 
are much more resistant to the rodent form HymcnolcPis jraterna 
than are animals two months of age.-' Chicks more than two 
months old resist Raillictina ccsticillus better than do those below 
this age.-- Gulls naturally eliminate certain Diphyilobothrium 
tapeworms when they reach an age at which a constant high body 
temperature is established and when complete feathering has 
taken place.-* 

Among the many nematode parasites, age resistance has been 
demonstrated with respect to Trichinclla spiralis, the ascarids, 

B. Wilson, Acta Conventus Tertii de Tropich Atque Malariae UorbiSf Part 2: 
346 (1939). 

P. S. Djaparidsc, Arch. /. Schiffs- u, Tropen-Hyg., 36: 476 (1932) ; M. Rankov, 
Arch. f. Schiffs- u. Tropen-Hyg,, 40: 277 (1936). 

P. K. Dixon, Tr. Roy. Soc. Trap. Med. & Hyg., 27: 505 (1934) ; G. W. St. C. 
Ramsay, West African M. J.,S: 2 (1935). 

A. C. Fisher, Tr. Roy. Soc. Trop. Med. & Hyg., 28: 277 (1934). 

i"R. M. Cable, J. Parasitol, 23: 559 (1937). 

D. J. Davis, J. Parasitol, 21: 329 (1936). 

R. F. Nigrelli and C. M, Rrcder, Jr., J. Parasitol., 20: 259 (1934). 

G. F. Otto, J. Parasitol., 21: 443 (1935). 

D. A. Shorb, Am. J. Hvg., 18: 74 (1933); A. V. Hunninen, Am. J. Hyg., 22: 
414 (1935). 

J. E. Ackert and W. M. Reid, J. Parasitol., 23: 558 (1937). 

L. J. Thomas, Anat. Rec. {Suppl.), 78: 104 (1940). 
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and the hookworms, as well as the related forms of each. Young 
dogs are more susceptible to both the muscle and the gut stages 
of Trichinella spiralis than are older dogs. The resistance of the 
old animals appears to result from the failure of ingested larvae 
to mature in the intestine.-* An age resistance to Trichinella 
spiralis is also seen in pigeons, muscle being invaded only in the 
young birds despite the fact that the ingested larvae develop to 
adults in pigeons of all ages.-'' Rats develop an age resistance to 
the related nematode Capillaria hepatica.-^ 

Ascariasis is primarily an infection of children, the peak in- 
cidence occurring among those about five years of agc.-^ Age re- 
sistance has also been demonstrated to such animal ascarids as 
Toxocara cams of dogs,-" Ascaridia lineata^-^ Ascaridia galli/"* 
and perhaps Heterakis gallinae ** of chickens, and Ascaris lum- 
bricoides of pigs.**- 

Hookworm infection is most severe in children below fifteen 
years of age.*’'* From experimental studies it is clear that dogs as 
well as cats acquire resistance with age to Ancylostoma cani- 
num and that a marked age resistance is manifested to Nip- 
postrongylus muris by rats and mice.*'* Lambs gradually be- 
come naturally resistant to Dictyocaulus filaria:'’’ Chicks over 
ten weeks old resist Syngamus trachea, although even yearling 
fowls sometimes are susceptible.** Equines over fifteen years old 

2* K. Matoff, Tierdrtzl. Rundschau, 43: 399 (1937). 

K. Matoff, Tierdrtzl. Rundschau, 42: 401 (1936). 

-^*G. Luttermoser, Am. J. Hyg., 27: 321 (1938). 

G. F. Otto and W. W. Cort, Am. J. Ilyg., 19: 657 (1934) ; W. W. Cort and G. F. 
Otto, South. M. J., 26: 273 (1933). 

E. H. Hinman and D. D. Baker, J. Trop. Med., 39: 101 (1936) . 

J. E. Ackert, D. A. Porter, and T. D. Beach, J. Parasitol., 21: 205 (1935). 

O. Morgan and J. E. Wilson, J. Helminthol., 16: 165 (1938). 

P. A. Clapham, J. Helminthol., 12: 71 (1934). 

32 D. 0. Morgan, J. Helminthol., 9: 121 (1931). 

33 F. C. Caldwell and E. L. Caldwell, J. Parasitol., 17: 209 (1931). 

3^C. A. Herrick, Am. J. Hyg., 8: 125 (1928) ; J. A. Scott, Am. J. Ilyg., 8: 158 
(1928) ; M. P. Sarles, Am. J. Hyg., 10: 453 (1929) ; A. O. Foster, Am. J. Hyg., 22: 
65 (1935). 

3'‘ C. M. Africa, /. Parasitol., 18: 1 (1931) ; A. C. Chandler, Am. J. Ilyg., 16: 750 
(1932). 

3« D. A. Porter, Am. J. Hyg., 22 : 444 (1935) . 

3'G. Kauzal, Australian Vet. Jour., 10: 100 (1934). 

3« P. A. Clapham, Proc. Roy. Soc. London, s. B, 115: IS (1934). 

3»D. O. Morgan, J. Helminthol., 9: 117 (1931); R. H. Waite, Maryland State 
Coll. Agric., Bull. 234, p. 103, 
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have smaller numbers of strongylid worms tl<an those below this 
age.'*" 

An age resistance to Strongyloides ratti is manifested by rats 
eight months old or more. A smaller percentage of the larvae ad- 
ministered reach the adult stage in the intestine of the older rats, 
and these persist for a briefer time than do those which develop 
to adults in the intestines of the young rats.'* 

EXPLANATIONS OF AGE RESISTANCE 

Several possible explanations for age resistance present them- 
selves. One of these considers age resistance merely an extension 
of natural resistance and is based primarily upon the fact that 
a parasite never infects animals which do not provide a favorable 
physiological medium in which it may live. Many animals, when 
young, have not attained their complete physiological differentia- 
tion, and during such time are susceptible to a given parasite. As 
the animals grow older and their tissues and fluids take on mature 
characteristics, they may become physiologically unsuited to the 
parasite. Infection with that parasite cannot thereafter occur, and 
such forms as it picked up earlier may be expelled. Age resistance, 
according to this view, would be least expected in natural host- 
parasite relationships. In fact the hypothesis has been offered that 
age resistance is manifested by hosts chiefly against unnatural, 
newly acquired, or otherwise imperfectly adjusted parasites.''- 

According to another view, the greater susceptibility of young 
animals to many parasites is a reflection of their poorer capacity 
to manifest a specific immune re.sponse after infection. The capac- 
ity of the specific antibody-forming mechanism of young animals 
is known often to be poor compared with that of adults.'** In such 
young animals a parasite will be able to establish itself and per- 
haps cause an intense infection, whereas, in animals able to re- 
spond with specific antagonistic antibodies, the infection may be 
largely inhibited and quickly eliminated. This mechanism has 
been shown to obtain in the experimental infections of rats with 

A. O. Foster, Am. J. Hyg., 25: 66 (1937). 

A. J. Sheldon, Am. J. Hyg., 26: 355 (1937) ; H. J. Lawlor, J. Parasitol. iSuppl.)^ 
25: 30 (1939). 

J. H. Sandground, Parasitology, 21: 227 (1929). 

L. Baumgartner, Yale J. Biol, and Med., 6: 403 (1934). 
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Trypanosoma lewisi and with Trypanosoma crust. Nursling rats 
are usually killed by either parasite, and they invariably suffer 
intense infections. Old rats, in contrast, seldom die from either 



Chart I 

ANTIBODY PRODUCTION AGAINST TR)7’.(.VOSO/l/.l l.EUISI 
BY RATS OF DIFPERKNT AGE GROUPS 

As the abhistin (reproduction-inhibiting) antibody increases in amount in 
the blood, the percentage of trypanohunies seen in division decreases. The 
antibody is produced only poorly, if at all, in very young rats (for example, 
No. 1, eight days old) and these animals generally succumb. It i.s produced 
well by older rats (for example, No. 3, sixty days old), and these animals 
generally survive. The capacity to produce the antibody in adequate amount 
is acquired at about twcnty-fivT days of age (for cxamjde. No. 2). Animals 
of this age sometimes survive, but they often succumb after a prolonged 
infection, as in the case of the example given. 


infection and in the case of Trypanosoma crust they experience 
infections of exceedingly low intensity. The greater susceptibility 
of young rats to each of these forms results from their poorer 
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capacity to form specific antibody rapidly and thus to prevent 
the infection from overwhelming them.^* An essentially similar ex- 
planation has been offered for the age resistance of rats to the 
nematode Strongyloides ratti*^ 

Still other mechanisms have been presented to explain specific 
examples of age resistance. The inverse age resistance of cnicks 
to Eitncria nccatrix may be the result of the extraordinarily high 
natural rate of growth of the affected tissue — namely, the intes- 
tinal epithelium — of the young birds.-*" The resistance of mature 
frogs, compared with tadpoles, to Diplostomuni jlexicaudupi has 
been explained by the inability of the parasite to penetrate the 
tougher skin of the old frog.*’ The greater resistance of older 
chicks to Ascaridia lincata and Ascaridia galli is probably due to 
their secretion of protective mucus from the proportionately more 
numerous goblet cells in their duodenal epithelium.'" The age re- 
sistance of dogs to Ancylostoma caninum may be related to the 
natural age curve of the hemoglobin level of the host,*" but cer- 
tainly in part it depends upon the function of the bf)dy defense 
cells in checking the progress of larval forms migrating through 
the skin or other tissue.”’" 

OTHER FACTORS INFLUENCING AGE RESISTANCE 

A number of other factors besides those mentioned in the pre- 
vious section influence age resistance. Among the.se are the diet, 
the environmental temperature, and the hormone balance. If ani- 
mals of species which normally become resistant with age are 
kept on a diet deficient in essential elements, they w’ill fail to be- 
come resistant as they mature. This has been shown especially 
well in such nematode infections of dogs as hookworm disease 

" J. T. Culbertson .nnd R. M. WoUon, Am. J. Ilyn., .tO: 101 (ly,19, see. C) ; J. T. 
Culbertson and W. R. Kessler, Am. J. Hyg., 20: .13 (1939, sec. C) ; M. H. Kulodny, 
Am. J. Hyg., 31; 7 (1940, sec. C). 

H. J. Lawlor, J. ParasUol. {Suppl.), 2S: 30 (1939). 

E. E. Tyzzer, H. Theilcr, and E. E. Jones, /l»t. J. Ilyg., 15; 319 (1932). 

D. J. Davis, J. ParasUol., 22; 329 (1936). 

■*“ J. E. Ackert and S. A. Edgar, J. ParasUol., 24; 13 (19.18) ; J. E. Ackert, S. \. 
Edgar, and L. P. Frick, Tr. Am. Micro. Soc., S8; 81 (1939) ; J. E. Ackert and S. .\. 
Edgar, J. ParasUol. (Suppl.), 26: 14 (1940) ; J. E. Ackert and L. P. Frick, J. ParasUol. 
(Suppl.), 26: 14 (1940). 

A. O. Foster, Am. J. Hyg., 24: 109 (1936). 

M. P. Sarles, Am. J. Ilyg., 10: 683 (1929) ; 10: 693 (1929). 
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and ascariasis.'’’^ The natural resistance of older rats to trypano- 
somes (Trypanosoma cruzi) can be partially overcome by keep- 
ing the animals in a low temperature environment.''*- 

One might suspect that hormones would exert almost a govern- 
ing role in age resistance and that by prematurely aging young 
animals through supplying the hormones of sex organs or other 
body tissues a precocious resistance could be developed. Some of 
the attempts to produce resistance experimentally by supplying 
these hormones have resulted in success. For example, it has been 
reported that young rats can be rendered significantly resistant 
to Trypanosoma lewisi by implanting the pituitary gland from 
adult nonimmune rats intramuscularly or by injecting oestrin 
cutaneously to the young.’’’^' The majority of such efforts, how- 
ever, have failed to influence age resistance. Their failures are 
difficult to explain, but may result from the fact that most 
hormone-containing extracts yet available have a comparatively 
limited sphere of influence rather than a complete or general effect 
upon the body as a whole. When hormone preparations are avail- 
able which are capable of artificially aging the entire organism 
simultaneously, the experimental development of age resistance 
may be regularly possible of achievement. 

=' A. 0. Foster and W. W. Cort, Am. J. Ilyg., 21; 302 (193.')) ; W. H. Wright, 
J. Parasitol., 21: 43 (1935). 

■’“M. H. Kolodny, Am. J. Hyg., 32: 21 (1940, see. C). 

C. A. Herrick and S. X. Cross, J. Parasitol., 22: 126 (1936). 



chapter IV 

SPECIFICALLY ACQUIRED 
IMMUNITY 


M any animals can be infected with a given parasite on first 
exposure to it, but as a direct result of this initial exposure 
they may acquire a specific immunity which prevents a subse- 
quent infection with the same parasite. In the present chapter the 
different manners in which animals may acquire immunity are 
described, and examples of each are cited. 

Specific immunity may be acquired actively or passively. In 
actively acquired immunity, the immune animal himself has re- 
sponded to a prior infection with a parasite or to vaccination with 
the parasite antigens by producing specific substances antagonis- 
tic for that parasite. In passively acquired immunity, these antago- 
nistic substances are produced by one animal, but introduced by 
transfer of its serum to another animal in which they act. The 
antagonistic substances are identical as to specificity of action, 
whether acquired actively or passively. Actively acquired im- 
munity often endures for long periods, and may continue for life; 
whereas passively acquired immunity is usually of distinctly brief 
duration, since the antagonistic substances seldom persist in an 
animal to which they have been transferred for more than four 
to six weeks. The longer persistence of the actively acquired im- 
mune state results because the production of antagonistic sub- 
stances usually continues for a considerable period once it is 
initiated. An actively immunized animal can, furthermore, re- 
sume the production of the specific antagonistic substances at 
some later time, if an occasion requiring them arises. 
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IMMUNITY ACQUIRED BY INFECTION 

Specific immunity is acquired after infection with either pro- 
tozoans or helminths. Examples are known in nearly all types 
of protozoan diseases — amoebiasis, trichomoniasis, leishmaniasis, 
trypanosomiasis, coccidiosis, and malaria. Immunity is also ac- 
quired after such somatic helminth infections as cysticercosis, 
trichiniasis, ascariasis, hookworm disease, and strongyloidiasis. 

Protozoa. — Man apparently resists a superimposed infection 
with Endamoeba histolytica, although the conclusive demonstra- 
tion of such an acquired resistance has not been reported. Kit- 
tens, however, are believed to acquire some immunity after re- 
peated experimental reinfection with this parasite.^ Cattle which 
have recovered from infection with Trichomonas foetus are not 
susceptible to reinfection.^^ Man resists the leishmanias of orien- 
tal sore after recovering from an initial lesion.** Specific immunity 
is developed likewise by monkeys as well as by sheep and goats 
against Trypanosoma gambiensc,* by cattle against Trypanosoma 
congolcnse ® and Trypanosoma brucei,^ by rats to Trypanosoma 
lewisi, by mice to Trypanosoma duttoni, by cotton rats to Tryp- 
anosoma sigmodoni,’’ and by various rodents to Trypanosoma 
cruzi.^ Among the coccidioses, immunity against reinfection is ac- 
quired by rabbits to Eimeria perjorans^ by rats to Eimeria 
mayairii,^'^ by cats to Isospora fclis and Isospora rivolta,^^ and 
by chicks to Eimeria tenclla and Eimeria necatrix,^" to state but 

’ O. Wagner, Arch. f. Sekips- u. Tropeu-Hyg., 39: 1 (193S). 

- J. Andrews, Am. J. Hyg., 27: 149 (1935). 
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' P. Le Gac, Bull. Soc. path, exot., 24: 372 (1931) ; L. Van Hoof, Bull. .Soc. path, 
exot., 27; 167 (19.34) ; H. L. Duke, Parasitology, 20: 427 (1928). 
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12 E. E. Tyzzer, H. Theiler, and E. E. Jones, Am. J. Hyg., IS: 319 (1932). 
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a few examples. Among the malaria organisms, immunity to re- 
infection is acquired by man to Plasmodium vivax or Plasmo- 
dium knowlesi,^* by Malayan monkeys to Plasfuodium know- 
lesi,^'' by Panamanian monkeys to Plasmodium brasilianum,^^ 
and by birds to, among others, Plasmodium cathemerium, PLs- 
modium circumfiexum, Plasmodium rouxi, and Plasmodium 
elongatum}'^ 

Helminths. — Few examples are available to illustrate acquired 
immunity to the trematodiases. Certain marine fish resist rein- 
fection with monogenetic trematodes.’” The Macacus monkey, 
as well as horses and cattle, resist superimposed infection with 
schistosomes,’® but experimental evidence for the acquisition of 
such resistance by man is as yet unavailable. 

Among the cestodiases, infections with larval forms provide 
the best immunity to reinfection. This has been demonstrated 
with cysticerci of Taenia serrata in rabbits,®® Taenia crassicollis 
in rats,®’ and Taenia saginata in oxen.®® Resistance to reinfection 
with Hymcnolepis jraterna also has been shown in mice and in 
rats.®® Little or no resistance to reinfection is acquired by hosts 
which are infected only with adult cestodes residing exclusively 
in the intestinal lumen, such as Taenia crassicollis in the cat,®^ 

^•‘M. F. Boyd and S. F. Kitchen, Am. J. Trap. Mrd., 16: 447 (1936); M. Ciuca, 
L. Ballif, M. Vicru, and Stirbu, Compt. rend. Soc. de hiol., .02: 1S9 (1929) ; C. 
Milan! and E. Cuboni, Soc. internaz. di microbiol , Boll. d. iez. Hal., 521 (19.U) ; 
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Mulliccps glomcratus in the dog,-® and Hymenolepis diminuta in 
the rat."* 

Comparatively little resistance to reinfection is acquired by 
man against Ascaris lumbricoidcs,-’’ but mice and guinea pigs re- 
sist reinfection with the somatic phase of this worm.-^ Likewise, 
cats resist reinfection with Toxocara rats resist Hcterakis 

sptimosa,"" and chicks resist Ascaridia lincata.^'^ Some measure of 
resistance to reinfection follows hookworm disease in man,®- and 
dogs *•' and mice * ‘ likewise resist reinfection with the animal 
hookworms. Immunity is also acquired to forms related to hook- 
worms, such as Nippostrongylus muris in rats,®'’ the tricho- 
strongylid parasites in sheep** and rabbits,*^ Metastrongylus 
elongatus in pigs,** and Dictyocaulus filaria in lambs.**' Immu- 
nity has also been demonstrated in rats after infection with 
Strongylokle s ratti and Trichinella spiralis}" 

PRKMUNITION 

The term “premunition” was proposed by Sergent ** in 1924 
to describe a form of resistance which depends on the mutual 
tolerance of the host and parasite. The host is enabled to mollify 
a superimposed infection if the parasites from an initial infection 
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have persisted in latent form in its tissues. In premunition the 
resistant state is contemporaneous with the latent infection and 
ceases with cure. Premunition differs from true immunity, there- 
fore, in that it represents a co-inf ected state, whereas true im- 
munity is a post-infection (or post-vaccination) state. In most 
cases, however, premunition is followed by a true absolute im- 
munity which lasts for at least a brief period. 

Protozoan infections. — In many protozoan infections, acquired 
resistance is always of the nature of premunition, requiring the 
persistence of the causal agent in latent form. With respect to 
others, a true immunity is, at least ultimately, developed. In hu- 
man amoebiasis resistance lasts only so long as the controlled 
infection continues. When amoebiasis is cured, either sponta- 
neously or by drug treatment, the person is again as susceptible 
to infection as a normal individual. 

Among the trypanosomiases the resistance observed following 
infection with Trypanosoma brucci*'* and Trypanosoma con- 
golense in cattle. Trypanosoma marocamm in camels,*' apd 
Trypanosoma cruzi in various animals represents premunition. 
On the other hand an absolute and complete immunity i.s dis- 
played by recovered rats to Trypanosoma Ivwisi and by recov- 
ered mice to Trypanosoma duttoni. 

Resistance to reinfection with the malarias of monkeys,^'' 
birds,"*® and dogs have all been shown to depend in part on 
premunization. In the case of human malaiia premunition prob- 
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ably is responsible for the earlier resistance to reinfection/*" but 
a state of complete immunity finally develops which lasts for an 
indefinite period."' Sergent "" considers that the resistance to 
malaria manifested by Negroes as a race in the tropics is ac- 
counted for by premunition, the Negroes being first infected at 
an early age and repeatedly reinfected thereafter. 

In coccidiosis premunition has not been experimentally demon- 
strated."" True Immunity in coccidiosis is of such extraordinarily 
brief duration, however, that more or less constant reinfection is 
required to prolong the immune state. 

Helminth infections . — Because of the nature of the helminth 
infections, the occurrence of premunition in the helminthiases is 
difficult to determine. In the case of the purely intestinal adult 
cestodes, acquired immunity has been described by some investi- 
gators," ‘ although others have demonstrated no such refractori- 
ness to reinfection."" Those who believe resistance to reinfection 
to these intestinal parasites is manifested consider that the ani- 
mals are premunized and that so long as forms from the initial 
infection persist new worms cannot be established. Recently, 
however, experimental studies have indicated that the mere 
crowding of intestinal parasites, involving competition for both 
the available space and food in the intestine, plays a larger part 
in preventing reinfection than does an immune response by the 
host. For example, if the worms of an initial infection with 
Hymenolepis diminuta are removed by an anthelminthic, reinfec- 
tion can promptly occur."" 
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In the case of larval cestodes, which usually invade somatic 
tissue, an immune response certainly accounts for the resistance 
to reinfection/^ It is especially difficult in these cases, however, 
to prove whether premunition or a true immunity is responsible 
for this resistance, since, once present in the somatic tissues, these 
larvae— particularly those of the cestodes— are never dislodged 
naturally so long as the host survives. However, rats from which 
the cysticerci of Taenia crassicollis are surgically removed have 
been shown to remain immune for at least two months."’* In this 
case the immunity to the cestode larvae must not have depended 
on the persistence of the organisms of the initial infection. 

In certain nematode infections essentially the same problems 
exist concerning premunition as with the cestodiases. With many 
nematodes, however, an added difficulty must be dealt with, 
since the parasite may characteristically reside successively in the 
somatic tissue as a larva and in the intestine of the same indi- 
vidual as an adult. A second infection with A scar is or hookworm 
is seldom superimposed on one already existing. Premunition 
probably has relatively little to do with this apparent resistance, 
because of the considerable competition for space and food in the 
host’s intestine. If the adult stage of Ascaris or of the hook- 
worms is removed by anthelminthics, reinfection usually promptly 
recurs unless the initial infection has been extraordinarily severe. 
In trichiniasis an animal certainly resists reinfection with Trich- 
inella spiralisJ'^ It is impossible, however, to determine how 
much of this resistance is due to premunition and how much to 
true immunity, for the larvae cannot be removed from the body of 
the living animal or destroyed by any known means. 

Some light is thrown on the general problem of premunition in 
the helminthiases by the fact that immunity against infection can 
be developed by vaccination with the antigens of killed helminths, 
a matter which will be discussed in some detail presently. During 
such vaccination, no infection whatsoever develops, yet the vac- 

H. M. Miller, Jr., Proc. Soc. Exper. Biol. & Med., 28: 467 (1931) ; K. B. Kerr, 
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cin^tcd aninicils become resistant. In these cases a true immunity 
certainly is developed. Probably to at least an equal extent a true 
immunity also follows actual infection with the same parasite. 

IMMUNITY ACQUIRED BY VACCINATION WITH KILLED 
OR AVIRULENT ORGANISMS 

Animals can be rendered immune to several different parasites 
by vaccination with killed or avirulent organisms. The best ef- 
fects are seen with somatic tissue parasites or forms which in- 
vade somatic tissues during part of their development. Such para- 
.sitcs are most exposed to the defense mechanisms which are 
developed by vaccination. 

Protozoa. In the case of the trypanosomiases many examples 
of protection or partial protection by vaccination are known. The 
best protection is obtained with tryixanosomes of the laoisi group. 
Absolute immunity against Trypanosoma lewisi can be conferred 
u[)on rats by vaccination with killed cultures or suspensions of 
this organism.''" Some resistance likewise follows the inoculation 
of mice with Trypanosoma duttoni."^ Vaccination against the so- 
called “pathogenic trypanosomes” is much less successful. When 
the specific Immunological strain of trypanosome is used both for 
vaccination and later infection, some degree of resistance can 
be demonstrated. This has been shown in various laboratory 
animals against Trypanosoma gambicnsc, Trypanosoma equiper- 
dnm, Trypanosoma vvansi, and other pathogenic species."- In the 
field, however, immunization has not proved practical, probably 
because these pathogenic trypanosomes are more or less con- 
stantly changing immunologically, and vaccination with one 
strain of a species will not protect against others. Furthermore, 
many immunological strains of these trypanosomes may exist con- 
stantly in nature. Attempts to immunize experimental animals 
against either Lcishmania tropica or Leishmania donovani by 

K. G. Novy, W. A. Perkins, and R. Chambers, J. Inject. Dis., 11: 411 (1912) • 
VV. H. Taliaferro, Am. J. Hxr., 16: 32 (19.12) ; J. T. Culbertson and W. R. Kes.sler, 
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injecting killed or avirulent organisms have uniformly failed.®* 
In coccidiosis parenteral vaccination wiih killed coccidian sub- 
stance does not protect against subsequent infection, *■* although 
the feeding of oocysts which have been rendered avirulent by 
heat confers immunity to chicks for at least brief periods.®* 

The vaccination of man against malaria has not been tested sig- 
nificantly, although autogenous vaccines are said to exert in man 
a therapeutic effect involving enhanced resistance against Plas- 
modiutn wivaac.®® Monkeys are not protected against Plasmodium 
knowlesi by killed homologous organisms.®^ Canaries, on the other 
hand, become comparatively resistant after the injection of bird 
malaria parasites which have been killed with formaldehyde or 
rendered avirulent by exposure to low tempe!ature."® 

Helminth. — Rabbits can be partially immunized to Fasciola 
hepatica by injecting the dried substance of this parasite.®" Like- 
wise, rats and rabbits resist the onchospheres of Taenia crassicol- 
lis and Taenia serrata, respectively, after vaccination with the 
dried substance of the homologous parasite.''" The protein frac- 
tion of either the adult or the larval form of Taenia crassicollis 
serves as the antigen for vaccinating the rat, although the protein- 
free polysaccharide is unsatisfactory for the purpose.” Rats can 
also be protected by introducing pieces of Taenia serrata intra- 
peritoneally, but injections of the powdered substance of Taenia 
saginata, Diphyllobothrium latum, Hymenolcpis sp. or Dipyll- 
dium sp. provide no protection.^* Kittens are reported to acquire 
partial immunity to adult Taenia crassicollis after the subcuta- 
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neous injection or the feeding of the substance of the larval para- 
site.’® Vaccination with hydatid substance protects sheep from 
hydatid disease and even the dog against the adult stage of 
Echinococcus granulosus.''^ Mice and rabbits, however, are said 
not to become immune to Echinococcus granulosus as a result of 
rei)eated injections of hydatid membrane.’® Rats cannot be pro- 
tected against HymenoUpis diminuta by feeding mashed homol- 
ogous worms or by injecting their substance parenterally.” 

A partial immunity is developed by vaccinated guinea pigs to 
somatic infection with Ascaris lumbricoides.’’^ Likewise rats can 
be immunized to forms such as Nippostrongylus tnurisi"' Trichi' 
nella spiralis,’''' and Strongyloides ratti “’by injecting parenterally 
the killed larval forms of the r^pective species. Little or no im- 
munity is conferred, on the other hand, by vaccinating chicks with 
Ascaridia lineata.’'- 

IMMUNITY ACQUIRED PASSIVELY BY THE INJECXION 
OF IMMUNE SYSTEM 

Immunity can be conferred upon normal animals by injecting 
them with the serum of an immune animal. As in actively im- 
mune animals, so in those passively immunized the effect is great- 
est upon parasites of the somatic tissue. 

Protozoa. — Only limited evidence is available for the passive 
transfer of immunity in leishmaniasis. A specific immune serum 
docs not cure hamsters of Leishmania donovani infection, for ex- 
ample, although it does prolong the disease. Such a serum also will 
retard the growth of this parasite in cultures.**-' One report has ap- 
peared of the protection of man against cutaneous leishmaniasis 
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by grafting upon normal persons small pieces of the skin of an in- 
dividual immune to oriental sore.*^ The studies upon passive im- 
munity in trypanosomiasis are much more successful. An homol- 
ogous serum acts either prophylactically or therapeutically upon 
Trypanosoma lewisi,^-' Trypanosoma duttoni,'*" or some others of 
the lewisi group, as well as upon Trypanosoma cruzi.’'*' Serum 
from animals immune to th'' ' ’ ■ ' trypanosomes is likewise 

effective on passive transfer, providing it is tested with the homol- 
ogous strain of trypanosome. 

Passive transfer of immunity has been seldom tried in human 
malaria. However, the serum from syphilitics who have been 
treated with malaria abates the symptoms of acute cases of .nalaria 
to which it is injected and sometimes effects complete cure.’"* 
The serum from rabbits which have been injected repeatedly with 
blood from a case of malaria is said to reduce the number of circu- 
lating parasites in an acute case to which it is injected, although 
this effect may be of a nonspecific character.'" Better evidence for 
the passive transfer of immunity is available in the animal malarias. 
The serum of a specifically immune Macacus rhesus, for example, 
has a depressing effect on fresh infections with Plasmodium know- 
lesi or Plasmodium inui,"- a direct relationship existing between the 
dose of parasites and the amount of .serum needed to protect against 
it."" Likewise, in the bird malarias passive transfer o'' immunity has 
been demonstrated, although protective antibodies often occur in 
the serum in only very low concentration.'" Nevertheless some- 
times perfect protection against the bird malarias is afforded by a 
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particularly potent serum.”® Attempts to transfer immunity pas- 
sively in coccidiosis ”” and in amoebiasis have thus far been in- 
effectual. 

Helminth. — Passive immunity has not been demonstrated in any 
trematode infection, but among the cestodiases it has been shown 
in the cysticercosis of rats and rabbits.** The serum from rabbits 
infected with Cocnurus cerebralis sensitizes guinea pigs passively, 
so that they can be shocked thereafter, often fatally, with coenurus 
fluid.”" 

Immunity has also been passively transferred against some nem- 
atodes. Dogs suffer less from the dog hookworm if injected with an 
immune serum at the time of infection,’"” and mice sometimes re- 
sist a fatal somatic infection with this parasite if given an immune 
serum.’”' Passive transfer of immunity also has been successful in 
rats and mice against Nippostrongylus rnuris,^^- trichiniasis,^^^ 
and Strongyloides infection.’”’ 

FACTORS INFLUENCING ACQUIRED IMMUNITY 

The potency of the immunity actively acquired by an individual 
against reinfection with a parasite depends largely upon two fac- 
tors. One of these is the intensity of the initial infection. An intense 
infection is more likely than a mild one to elicit a good immune 
response (see Chapter V). The other factor is the capacity of the 
tissues of the infected animal to produce an immune response. The 
tissues which apparently are most concerned in this response are 
those of the reticulo-endothelial system. When for any reason this 
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system of tissues functions inadequately, th*^ immune response is 
poor. A poor response is generally obtained in very young animals, 
presumably because the reticulo-endothelial system is immature. 
This immaturity of tissues seems in part to account for the age re- 
sistance noted in some infections^"'’’ (see Chapter III). A poor 
diet,’"" however, or an intercurrent infection may also undermine 
an immunity which has already been acquired, and the immune ani- 
mal may thus become about as susceptible as a normal animal to a 
given parasite. The removal of a large part of the reticulo-endothe- 
lial system, as in splenectomy, also may depress the acquired re- 
sistance.’"'' 

J. T. Culbertson and W. R. Kessler, Am. J. Ilyg., 29: 33 (1939, sec. C) ; J. T. 
Culbertson, Arch. Path., 27: 212 (1939). 

D. A. Porter, Am. J. Ilyg., 22. 467 (1935). 

E. Benhamou, Bull. Sac. path, exot., 25: 685 (1932) ; K. V. Kri.slman, R. O. A. 
Smith, and C. Lai, Indian J. M. Research, 21: 343 (1933) and 21: 639 (1934) ; E. G. 
Nauck and B. Malamos, Ztt^chr. f Immuniidt^foruh. u. exper. Therap., 84: 337 
(1935). 



Chapter V 

REQUISITES FOR IMMUNE 
RESPONSE 


N ot all the species of parasites which invade an animal call 
forth an immune response. Often the parasite is more or less 
perfectly adjusted to the host, and the effects of its presence are 
so slight that the host makes no effort to eradicate the invader. In 
other cases the effects of the parasite are so severe and the host is 
so poorly able to cope with the invader that death comes before the 
host can manifest an effectual immune response. Between these ex- 
tremes lie, perhaps, the majority of parasites. Generally some im- 
mune response is made to their presence, and usually this response 
suffices not only to prevent the death of the host but also, in many 
cases, to eradicate the invader and to prevent reinfection with it. 

THE CAUSE OF AN IMMUNE RESPONSE 

Before an immune response occurs, a host must be stimulated by 
the antigens of the parasite. This stimulation usually follows in- 
va.sion of the host tissue by the parasite itself. Little or no antigenic 
stimulation follows most purely intestinal infections or infections in 
other sites where tissue is not damaged. Many jiarasites, however, 
characteristically reside within the tissues of specific organs, or 
migrate almost at random through various tissues. Others inhabit 
the blood. In all of these last cases host tissue is destroyed by the 
parasite, and — what is of importance in causing the immune re- 
sponse — antigenic substances from the parasite pass meanwhile 
into the host tissue. These antigenic substances may consist of the 
parasite body itself or may be the secretions or the metabolites of 
the parasite. In any case, their presence in the host tissue is the 
cause of the immune response by the host. 
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When the antigens from a parasite are introduced into the so- 
matic tissues of the infected animal in comparatively small quan- 
tity and are not passed into the blood for distribution over the en- 
tire body, their effect is localized to tissues in the site occupied by 
the parasite. The immunity which develops in such cases is cor- 
respondingly local both in its origin and in its effect. But, given a 
sufficient amount of antigen and its general distribution, the im- 
mune response of an infected animal involves the participation of 
its entire body. Any metabolizing tissue or organ can, so far as is 
known, play a role in the response, especially by producing specific 
antagonistic substances called antibodies. Usually, however, the 
greatest activity falls to the cells which are in the best position 
physically for stimulation by the parasite antigen. Generally the 
cells of the reticulo-endothelial system seem to occupy such a posi- 
tion, and it is from these cells, therefore, that we observe the great- 
est immune response. Infections in which the parasite antigens 
reach these systems in great quantity are those in which the most 
powerful immune responses occur. 

THE SIGNIFICANCE OF THE SEVEEITY OF INFECTION 

Within limits the potency of the immune response varies in pro- 
portion to the intensity of the antigenic stimulation. Animals which 
suffer severe infections experience the most intense stimulation and 
respond best with antibody. Such animals are generally more highly 
resistant to reinfection than animals which suffer only a mild in- 
fection with the same parasite. The fact is illustrated especially by 
infections with protozoans,* cestodes,- and nematodes.’* In infec- 
tions where the parasite does not propagate itself, as in most hel- 
minthiases, an especially intense initial infection is required if a 
powerful response is to be made. 

The significance of the severity of infection for an immune re- 
sponse has been brought out especially well in studies concerned 
with the treatment of human malaria. The final eradication of the 

^ S. P. James, Tr, Roy. Soc. Trop. Med. & Hya., 24: 477 (1931) ; M. I). Youn^, 
Am. J. Trop. Med.^ 18: 85 (1938); E. E. Tyzzcr, H. Thciler, and E. E. Jones, 
Am. J. HyR., IS: 319 (1932). 

2 H. M. Miller, Jr., and M. L. Gardiner, Am. J. //y/f., 20: 424 (1934) ; D. H. Camp- 
bell, J. Immunol.f 35: 195 (1938). 

2 C. M. Africa, J. Parasitol., 18: 1 (1931) ; G. L. Grabam, Am. J. Hyg., 20; 352 
(1934). 
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malaria parasite from an individual is known to depend on his im- 
mune response to the organism, not on the drugs generally employed 
for first bringing the disease under control. If drug treatment is 
withheld from a fresh case of malaria until the disease has become 
severe, a greater antigenic stimulation will be experienced and a 
greater immune response made by the patient than if drug treat- 
ment is instituted during the first days of infection.^ The danger of 
relapse is much less in patients who have experienced severe ma- 
laria prior to treatment with drugs, since these persons are, as a 
result of their severe infection, more highly immune to the malaria 
parasite. W hen an active infection does occur in such persons, gen- 
erally a few small doses of quinine are sufficient clinically to cure 
the infection, the drug being given to control the parasite until the 
specific immune mechanism comes into play. 

SOMATIC AND INTESTINAL INFECTIONS 

As has been stated previously, the immunity acquired against 
parasites which dwell strictly in the lumen of the intestine is slight 
compared with that to forms which invade the somatic tissue. This 
follows because the parasites of the intestinal lumen do little or no 
damage to the host tissue and because antigens from such parasites 
are seldom absorbed by the host in sufficient amount to stimulate 
a vigorous immune response.® The parasites of somatic tissues, in 
contrast, can hardly fail to engender at least some degree of im- 
mune response, for their antigens cannot be expelled except into 
the host tissue. 

Somatic tissue parasites and intestinal parasites also differ in 
their susceptibility to the forces responsible for acquired immunity. 
The greater effect of these forces is seen upon the somatic tissue 
forms, these parasites often being immobilized and killed as they 
pass through the tissue of an immune animal.® Once a parasite has 
developed to a stage which can survive in the intestinal lumen, 
however, it is largely beyond the influence of the agencies (anti- 
body, defensive cells) which perform the immune function.^ Never- 

^ S. P. James, Tr. Roy. Soc. Trap. hfed. & 24: 477 (1931). 

^ C. Chandler, J. Parasitol., 23: 558 (1937). 

" W. H. Taliaferro and M. P. Sarle.s, /. Infect. Dis., 64: 157 (1939). 

^A. C. Chandler, Am. J. Hyg., .31: 17 (1940, see. D) ; L. L. Eisenbrandt and 
J. E. Ackert, Am. J. I!yg., 32: 1 (1940). 
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theless limited effects resulting in slower rate of growth, smaller 
ultimate size, diminished egg production, and briefer residence im- 
press themselves also upon the lumen-dwelling parasite.* 

IMMUNE RESPONSE TO KILLED ANTIGENS 

Although artificial immunization with killed vaccine does not 
generally lead to so powerful an immune response as does actual 
infection with a parasite, the principles underlying artificial im- 
munization and immunization by prior infection are fundamentally 
identical. In both, antigens from the parasite must stimulate the 
host to make the immune response. In the infected animal, how- 
ever, a greater response is generally manifested, because a greater 
stimulation occurs. The parasite in infected animals is living, grow- 
ing, and in some cases reproducing — thus actually increasing the 
amount of constantly available antigenic substances to which the 
host must respond. In artificial immunization with a killed vaccine, 
on the other hand, a comparatively .small amount of the dead sub- 
stances of the parasite is injected perhaps every fourth or fifth day, 
and the effect of one stimulation may largely spend itself by the 
time the next is given. When the total amount of antigen introduced 
is large, the potential immune response is often distinctly greater." 

A qualitative difference between infection and artificial immuni- 
zation with a killed vaccine may also exist. In the preparation of 
the vaccine, significant antigens may be lost or denaturized by the 
attending physical and chemical conditions. The immune response 
to such a vaccine would not be so broad, naturally, as that following 
infection, and might well be too limited for adequate defense 
against infection on subsequent exposure. 

For an effective immune response to a killed vaccine the antigen 
evidently must be given parenterally. Essentially negative results 
have followed all attempts to engender immunity by administering 
the vaccine by mouth, since the antigen apparently is too litile ab- 
sorbed by this route to produce a significant response by the host.’" 

» G. L. Graham, J. E. Ackert, and R. W. Jones, Am. J. //>'«., IS: 726 (1932) ; O. R. 
McCoy, Am. J. Hyg., 32: 105 (1940, sec. D) ; W. H. Taliaferro and M. P. Sarles, 
J. Parasitol., 23: 561 (1937). 

« K. B. Kerr, Am. J. Ilyg., 27: 52 (1938). 

A. C. Chandler, Am. J. Ilyg., 24: 129 (1936) ; G. W. Bachman and J. Oliver 
Gonzalez, Proc. Soc. Exper. Biol. & Med., 35: 215 (1936). 



chapter VI 

PARASITES WHICH ELICIT 
IMMUNITY 


B efore an animal can develop a powerful immunity to a para- 
site either after infection or after vaccination, it must be stim- 
ulated intensely by comparatively large amounts of the parasite 
antigen. Accordingly the intensity of the immune response after 
natural infection with a given species of parasite reflects the in- 
tensity of the infection experienced and at the same time the ex- 
tent to which the parasite has stimulated the host antigenically. 
External parasites have little or no opportunity to elicit immune re- 
sponses unless they are adapted especially to inoculate some of 
their body substance beneath the skin of the host, as are most of 
the blood-sucking arthropods (see Chapter XVII) . Parasites which 
dwell in the intestinal lumen likewise have little chance to cause an 
immune response in a host unless either before or after they reach 
this site they penetrate the host tissue. Their antigens are generally 
absorbed only poorly while they reside in the intestinal lumen. In- 
fections with parasites which spend all or a considerable part of 
their life cycle in the blood or fixed tissue of the host produce the 
best immune responses. The immunity acquired from an initial in- 
fection with such forms often completely protects the host from 
teinfection with the homologous parasite. 

RELATIVE IMMUNITY DEVELOPED BY DIFFERENT 
PARASITES 

Parasites may conveniently be divided into three groups with re- 
spect to their place of residence in a host: (1) those of the somatic 
tissues; (2 ) those of the intestinal lumen; and (3) those dwelling 
in both the somatic tissue and the intestinal lumen. The magnitude 
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of the immune response to any parasite is influenced largely by its 
place of residence. 

PARASITES OF THE SOMATIC TISSUES 

The somatic tissue parasites include those which inhabit the 
blood as well as the flxed tissues. These include the trypanosomes, 
leishmanias, and malaria organisms among the protozoans, and 
among helminths the schistosomes, the larval cestodes (plerocer- 
coids, cysticerci, coenuri, and hydatids), and the fllarioid nema- 
todes. None of these forms dwells in the intestinal lumen of the host, 
although certain stages of some (for example, the onchospheres 
of the helminths) traverse the intestine. All of them are enabled by 
reason of their position in the host intensively to stimulate an im- 
mune response by the host, and to all a vigorous response is char- 
acteristically made. Generally an infected animal absolutely resists 
reinfection with the homologous parasite, and in some cases serum 
from an immune animal will protect a normal animal to which it 
is transferred against the infection. It is in infections with these 
parasites chiefly that diagnosis is possible by detecting specific anti- 
body in the host’s serum or by skin tests. 

The several varieties of protozoan mentioned all inhabit both the 
blood and the fixed tissues of many organs, thus providing adequate 
stimulation for a good immune response. These forms are more or 
less constantly proliferating, and the host is required to check this 
proliferation if it is to survive. Generally, in fact, the first evidence 
of specific resistance to these infections manifests itself as a dimin- 
ished rate of reproductivity of the parasite. 

The larval stage of the cestode parasites generally resides in the 
somatic tissue of a host, and it is against the antigens of these forms, 
therefore, that the host makes its principal immune response. The 
larval and adult stages of each cestode, however, have for the most 
part the same antigenic constitution, and an immune response en- 
gendered by the antigens of one stage can be directed equally — 
although sometimes with only limited effect — against other stages 
of the parasite. Therefore a rat can be protected against somatic 
infection with the cysticerci of Taenia crassicollis by inoculating a 
vaccine prepared from the adult stage of this parasite.* Likewise, 
’ H.M.MUler, Jr., Proc.Soc.£*^er. Biol, and Med., 27: 926 ( 1930 ). 
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extracts of adult tapeworms can be used in skin tests to detect so- 
matic infection in man with larval tapeworms.- 

Both the larval and the adult schistosomes inhabit the blood 
stream, and both probably stimulate immunity. The adults of the 
filarioid nematodes occupy connective tissue, and these are in some 
cases, as with Dracunculus medinensis, perhaps exclusively respon- 
sible for the immune reaction, since larval forms do not exist free 
in the host tissue. However, the immune response in the more fre- 
quently encountered filarioid nematode infections, such as that 
with Wuchcrcria bancrofti or Loa loa, probably derives chiefly 
from the microfilariae. These larval worms occur in large numbers 
in the blood stream — the number being sustained by a fresh daily 
production by the adults — and would appear to supply a greater 
amount of the antigenic stimulation than the comparatively few 
adult worms, which can be found only with great difficulty in re- 
cesses of the connective tissue. 

PARASITES OF THE INTESTINAL LUMEN 

The protozoan parasites of greatest immunological importance 
which occupy the intestinal lumen exclusively are the nonpatho- 
genic amoebae, such as Endamoeba coli, lodamocba williamsiy and 
Endolimax nanuy and the intestinal flagellates, such as Tricho- 
monas hominis and Chilomastix mesnili. The most significant 
helminths inimunologically which occupy this site are several 
trematodes {Fasciolopsis buski and Ilcterophyes heterophyes of 
man ), the adult cestodcs (Diphyllobothrmm latum, Taenia solium, 
and Taenia saginata of man. Taenia crassicoUis of the cat, Ilymen- 
olrpis dimimita of the rat, and Raillietina ccsticillus of the chicken), 
and a few nematodes {Enterobius vcrmicularis of man and Ilctc- 
rakis gallinae of the chicken). One immunological study upon an 
acanthocephalid, Moniliformis dubius of the rat intestine, has also 
appeared.'* The immune response to all these forms is exceedingly 
poor.* No specific resistance to reinfection is manifested, although 

‘ J. T. Culbertson and H. M. Rose, /. Clin, Investisation, 20: 249 (1941). 

''P. L. Burlingame and A. C. Chandler, /. Parasitol. {Siippl.), 26: 18 (1940), and 
Am. J. Ilyg., 33: 1 (1941, sec. D). 

■* One exception among cestodc parasites appears to be the adult stage of Echino- 
coccus granulosus in the dog. Dogs were found by E. L. Turner, D. A. Berberian, 
and E. W. Dennis (7. Parasitol., 22: 14 119361) to be partially resistant to infection 
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attempts to superimpose infections upon hosts sometimes fail be- 
cause of the presence already of large numbers of paiasites, with 
consequently insufficient space (crowding) or inadequate food for 
additional forms. The serum from an animal previously infected 
with these species will usually not protect a normal animal from 
infection. Furthermore, antibody is seldom produced, and skin 
tests with the specific antigen generally arc negative. 

PARASITES INHABITING BOTH THE SOMATIC 
TISSUE AND THE INTESTINAL LUMEN 

Among the protozoan parasites the most important forms which 
reside both in the somatic tissues and in the intestinal lumen are 
Endamoeba histolytica, Balantidium coli, and ihe coccidians. En- 
damoeba histolytica invades principally the tissues of the intestinal 
wall, but it can also establish itself in liver, spleen, lung, brain, and 
other organs. The immune response to Endamoeba histolytica is 
considerable. Exogenous reinfections are quickly checked so long as 
the old infection persists, and specific immune substances are de- 
tectable in the host’s serum. Balantidium coli infections are con- 
fined to the tissues of the intestinal wall. As yet little is known of 
the immune response to this parasite. 

Some species of the coccidians, such as Eimcria perforans and 
Eimeria stiedae of the rabbit, usually invade only epithelial cells 
of the intestine or bile ducts. Others, such as Eimcria tcnella of 
the chick, characteristically infect deeper layers of the intestinal 
wall. To all these coccidians some immune response is made. The 
response varies with the intensity of the infection and with the 
depth to which the parasite penetrates into the somatic tissue. The 
superimposition of infection generally fails, and a small amount 
of antibody usually appears in the infected host’s serum. 

Among representative helminths living both in the intestinal 
lumen and in somatic tissues are the two liver flukes Clonorchis 
sinensis and Fasciola hepatica, the cestode Ilymcnolrpis fraterna, 
and such nematodes as Trichinclla spiralis, the ascarids, the hook- 
worms, and the several species of Strongyloides, Usually the two 

with Echinococcus granulosus even after artificial immunization with a killed antigen 
prepared from the hydatid cyst. Because of the exceptional character of the result, 
the question requires further investigation. 
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species of trematodes just named do not actually invade the so- 
matic tissue, but they do ascend to the rather confining lumena of 
the smaller bile ducts. A marked immune response occurs to their 
presence in this site. The walls of the bile ducts are thrown into 
folds, and a distinct inflammatory reaction occurs in the neighbor- 
hood of each parasite. Often the parasite is caught in the folds of 
the wall and is then ultimately destroyed. 

In the case of the cestode Hymcnolepis fraterna, tissue invasion 
involves only the intestinal villus, where the larval stage dwells. 
The immune reaction to Hymcnolepis jraterna is not particularly 
intense, but it appears nonetheless definite.'* It is noteworthy that 
no immune response whatsoever occurs to a closely related species, 
Hymcnolepis diminuta, which does not invade the host tissue 
at all.''* 

The immune response in trichiniasis results either from the so- 
matic infection with the larval forms or from antigens of the adult 
entering the blood from the intestine,’ and it often reaches its peak 
only after all the adult worms are eliminated from the intestine. 
The immune response to ascarids and hookworms occurs likewise 
in species of hosts in which intestinal infections with the adult 
parasites never develop." In the case of one ascarid, Ascaridia 
lineata of the chick, only a comparatively meager immune response 
follows infection. However, this parasite is known to experience 
only a minimum of tissue invasion, burrowing only into the mucosa 
of the intestinal wall. Antibody is seldom produced in this in- 
fection." 

1). A. Shorb, Am. J. ITy^.^ 18: 74 

« A. C. Chandler, Am. j. Uyg., 29: 105 (1939, see. D) . 

“ J. Hozicevieh and L, Detre, Pub. Health Rep., 55: 683 (1940). 

^ K. B. Kerr, Am. J. Ilyg., 27: 28, 1938, and Am. J. Hyg., 24: 381 (1936). 

L. L. Eisenbrandt and J. E. Ackert, Am. J. Ilyg., 32: 1 (1940, sec. D), 



Chapter VII 

MECHANISMS OF SPECIFIC 
IMMUNITY 


T he mechanisms by which immunity is manifested against the 
animal parasites are fundamentally similar to those which 
are invoked against other types of disease agents, such as bacteria, 
spirochetes, and filtrable viruses. An animal is equipped to respond 
immunologically in only a few manners, and it utilizes this equip- 
ment with only slight modification, whatever tlie character of the 
invader. The immune responses often differ in amount, however, 
and these quantitative variations are sometimes mistaken for dif- 
ferences in kind. 

THE BASES OF SPECIFIC IMMUNIIY 

The specific immune response of an animal to a parasite involves 
primarily (1 ) antibody production and (2 ) an enhanced function 
of phagocytic cells. These effects are the result of stimulation of 
the host tissues by antigens from the parasite. The host is prompted 
to greatest response by a widespread antigenic stimulation, and 
sometimes every tissue seems to participate. The tissues of the 
reticulo-endothelial system are of greatest concern in immunity, 
however; and if they are stimulated a considerable immune re- 
sponse can generally be expected, no matter what other tissues also 
are engaged. These reticulo-endothelial tissues arc considered pri- 
marily responsible for the antibody production by an immune 
animal. 

HUMORAL AGENCIES 

The principal role in specific immunity is performed by the anti- 
body. Antibody is found chiefly in the serum of the blood, but also 
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in other serous fluids and possibly even within the tissue cells. It is 
a specific substance, produced in response to a given antigen, and 
has the remarkable capacity for uniting chemically with that anti- 
gen whenever the two occur together. It occurs exclusively in the 
globulin fraction of the serum.‘ 

Source of antibody . — Probably any body cell which is metaboliz- 
ing normally and producing globulin is a potential source of anti- 
body. Cells of the reticulo-endothelial system are generally credited 
with the largest share of antibody-forming function, because they 
are in the best physical position for antigenic stimulation. The 
antigen which reaches the body cells is not converted directly to 
antibody, but instead it acts as a kind of catalyst within those cells 
which have absorbed it. As a result of the presence of the antigen 
these cells are induced to produce the modified form of globulin 
protein — namely, the antibody. 

Kinds of antibody . — Antibody can be demonstrated in many 
ways; these modes of demonstration differ among themselves so 
much that a distinctive name is often ascribed to the antibody 
concerned in each reaction. Thus, antibody which clumps a sus- 
pension of parasites is an agglutinin; that which precipitates an 
antigenic extract of the same parasites is called a precipitin; that 
which lyses or dissolves this parasite is a lysin; and that which 
under certain conditions unites with the parasite antigens to fix or 
to absorb a component of serum called complement is called a 
complement-fixing antibody. Even other names are given to anti- 
body. For example, when antibody prevents infection in animals 
to which it is inoculated, it is often called a protective antibody. 
One antibody which occurs especially in the rodent trypanoso- 
miases and which checks the reproduction of the parasites is called 
an ablastin, or reproduction-inhibiting, antibody. 

These different names for antibody are very confusing and often 
lead to misconceptions as to the nature of the substance itself. It is 
well to keep in mind, therefore, the fact that no matter in how many 
ways it can be demonstrated, the total antibody produced against 
any single parasite is functionally largely a unit, albeit an ex- 
traordinarily complex one with manifold potentialities for action. 

' W. H. Taliaferro, Am. J. flyg-, 16: i2 (1932) ; E. .\. Mauss, J. Parasilol. {Suppl.), 
26: 43 (1940). 
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It should, howcvor, be further understood th-it every pa.r3.site is 
constituted physically or chemically of a multiplicity of antigens 
and that the total antibody produced against each parasite is com- 
prised of many separate antibodies, each the individual response 
to one of the constituent antigens of the parasite. 

Time relations of antibody production - -\t least several days 
are always required after antigenic stimulation— no matter whether 
this stimulation occurs through infection or through vaccination 
with antigens from killed parasites — before antibody appears in 
the serum. Complement-fixing antibodies can be detected in dogs 
with experimental amoebiasis within three to fourteen days after 
the animals are infected.- The reproduction-inhibiting antibody 
which is observed in rats infected with Trypanosoma Icwisi ap- 
pears about five days after the animals are infected, and increases 
in concentration thereafter until the end of the infection.-' A 
second antibody, of lytic character, terminates thc.se trypano- 
some infections in rats; the lytic antibody appears only late in the 
infection and persists in the serum for but a few days after the 
infection ends. In Macacus rhesus, Plasmodium knowlesi infection 
leads to specific agglutinins in from fifteen to forty-five days after 
infection, and fixation antibodies against the same parasite are 
present in relatively high titer after the twenty- first day.'' Precipi- 
tins are detectable in rabbits five days after the last of a series of 
injections of coccidian vaccine, and they disappear after about 
fifty days." 

Most helminth infections differ from those with protozoa in that 
the helminths do not multiply after invasion. Accordingly, in the 
helminthiases antibody production is generally slower and less in- 
tensive than in the protozoan infections, although, once underway, 
continues for long periods. Antibody usually appears in goats ex- 
perimentally infected with Schistosoma spindalc, for example, by 
the second week. It increases in amount till about the third month 
of infection, and may remain in high concentration during the en- 
suing year. Sometimes positive tests for antibody against the 

C. F. Craif?, Proc. Soc. Exper. Biol. & Med., 30: 270 (1932). 

^ F. A. Coventry, Am. J. II y^., 5: 127 (1925). 

M. D. Eaton, J. Exper. Med., 67: 857 (1938) ; L. T. Coj^geshall and M. I). Eaton, 
J. Exper. Med., 67: 871 (1938). 

« G. W. Bachman, Am. J. Hyg., 12: 624 (1930). 
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schistosomes continue on into the second year after infection.® Pro- 
tective antibody against the cysticerci of Taenia crassicollis ap- 
pears in the blood of infected rats by the fifteenth day and increases 
thereafter until at least the end of the fourth week.^ Precipitins 
against Trichinella spiralis (one of the few helminths which do 
multiply in the mammalian host) appear in infected rabbits in from 
five to twenty days. Often they are detected while adults are still in 
the intestine and before larvae have entered the blood.® Fixation 
antibodies against Trichinella have been detected in rabbits even as 
early as the third day, although their titer is not great enough for 
practical value in diagnosis till about the twenty-fifth day after 
infection.'* In human infections with Trichinella precipitin tests 
are seldom positive before the fifth week, although in a few in- 
stances by the third.*" The serum of rabbits infected with the 
somatic stages of Ascaris mcgalocephala shows maximum fixation 
of complement about the fifteenth day after infection.” 

From these examples it is clear that antibody usually can be 
expected in from two to three weeks after infection with most 
parasites, although with some intensive infections an earlier re- 
sponse occurs. The maximum antibody response is attained in from 
one to three months, and after prolonged infection traces of anti- 
body persist during the ensuing year. Antibody appears between 
the fifth and the tenth day after the last of a series of injections of 
killed antigen, reaches its peak in two or three weeks, and then de- 
creases rather quickly, seldom being detectable after three or four 
months unless more antigen is injected. 

Specific function of antibody.— Antibody has the specific and 
invariable function to unite with antigen, and all its effects stem 
from this activity. Usually antigen-antibody reactions can be dem- 
onstrated in vitro, but sometimes they can be shown in the animal 
body as well. As a result of union of antibody with the antigens of 
a parasite the life processes of the parasite are seriously interfered 

“ N. H. Fairley, Arch. f. Schiffs- u. Tropen-Hyg., 30: 372 (1926) ; N. H. Fairley 
ana F. Jasudasan, Indian M. Research Mem., Supp. to Indian J. M. Research (1930). 

■ D. H. Campbell, J. Immunol., 3.S: 195 (1938). 

^ G. W. Bachman, /. Prevent. Med., 3: 465 (1929). 

^ G. W. Bachman and P. K. Mcnendez, /. Prevent. Med., 3: 471 (1929). 

W. VV. Spink, Nov England J. Med., 216: S (1937) ; W. W. Spink and D. L 
Augustine, J. .4. M. .1., 104: 1801 (1935). 

W. K. Blackic. J. Hdminthol., 9: 91 (1931). 



MECHANISMS OF SPECIFIC IMMUNITY 71 
with and the organism is sometimes immobilized or killed.’- In the 
case of infections with the protozoans, such as the trypanosomes, 
the power of reproduction may first be lost by the parasite, and 
then, as the complete immune response is attained, the parasites 
may be destroyed by lysis.”' Both these effects are directly duo to 
the antibody and to the union of antibody with the parasite anti- 
gens. 

In the cases of the treinatode and cestode parasites the precise 
role of antibody has not yet been thoroughly studied, although the 
presence of the antibody — whether as the result of active or of pas- 
sive immunization — certainly interferes with the normal develop- 
ment of the parasite. In certain nematode infections, however, the 
role of specific antibody in immunity has been clearly exposed. This 
function has been shown most strikingly in the case of Nippo- 
strongylus muris infection of rats, in the classic studies by Talia- 
ferro and Sarles, who have described first how the worm stimulates 
the rat to produce the antibody and then how this antibody reacts 
upon the worm. With regard to the migrating larval forms Talia- 
ferro ' ' has stated, “The worm’s .secretions and excretions . . . 
appear to be the main effective inflammatory stimuli and the effec- 
tive antigens involved in immunization. Precipitins are formed by 
the immune host against the excretions and secretions of the worm 
and react with them to cause visible precipitation in the gut of the 
worm and around its extremities.” Following the union of the 
antibody with the worm antigens, the worms appear to have diffi- 
culty in feeding and in assimilating food, and as a result they may 
become immobilized in the host tissues. Subsequently the parasite 
may suffer death and experience complete disintegration. 

Taliaferro and Sarles have found also that the adult Nippo- 
strongylus induces immunity and is subject to the immune response 
in essentially the same way as the larva. This follows because the 
adult worm pierces the intestinal epithelium repeatedly during resi- 
dence in the intestine. At such times it not only introduces its secre- 
tions and excretions into the host tissue but also feeds on blood and 
tissue fluid of the host. The antibody which finally develops in the 

M. Robertson, J. Path. & Bad., 38: .363 (1934). 

W. H. Taliaferro, Am. J. Hyg., 16: .32 (1932). 

W. H. Taliaferro, Am. J. Trap. Med., 20: 169 (1940). 

3* W. H. Taliaferro and M. P. Sarles, J. Inject. Di'., 64: 1S7 (1939). 
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immune host will therefore be ingested by the adult and will com- 
bine with the antigens of the adult worm just as with those of the 
larva. The final effect upon the adult is its elimination from the 
intestine. The elimination occurs because the normal function of 
the adult worm suffers as a result of antibody combining with the 
worm antigen, and the worm is then more easily dislodged by the 
peristaltic movements of the intestine. 

The affinity of antibody for the antigens of Nippostrongylus has 
also been demonstrated in vitro by immersing the larval forms 
during several days in the serum from a highly immune rat. A pre- 
cipitate forms about the mouth of the worms, as well as about their 
excretory pores. Precipitates are laid down also about the genital 
pores of adult females similarly immersed in the immune serum. 
The depression of egg production by female worms in immune 
hosts may be explained by the occlusion of the genital pore with 
precipitate. Precipitate also is formed within the oesophagus and 
the intestine of the worm, thus interfering with the digestion and 
the assimilation of food.’” Essentially similar observations to those 
just described have been made with other nematode parasites, such 
as hookworms and Trichinclla spiralis,'^ although these have not 
yet been investigated in full detail (see Figure 1 ) . 

CELLULAR AGENCIES 

The body cells, beyond having the very significant function of 
antibody production, play largely an accessory role in specific im- 
munity. Those cells with phagocytic capacities are of chief impor- 

i«M. P. Sarics, J. Parasilol., 23: 560 (1937). 

F. Otto, J. Parasilol. (.Suppl.), 25: 29 (1939). 

E. L. Mauss, Ant. J. Ilyg., 32: 80 (1940, sec. D) ; J. Oliver Gonzalez, J. Infect. 
Dis., 67: 292 (1940). 


CAPTION FOR FIGURE ON FACING PAGE 

THE ACTION OF IMMUNE SERUM IN VITRO UPON THE 
INFECTIVE LARVAE OF NIPPOSTRONGYLUS MURIS 

Note the antibody precipitated about and within the worms. Abbreviations are: 
ExP, excretory pore; GA, genital anlage; Int, intestine; M, mouth; NR, nerve ring; 
PBE, posterior bulb of oesophagus; R, rectum; Cut Ppt, cuticular precipitate; Ex 
Ppt, excretory precipitate; Int Ppt, intestinal precipitate; Or Ppt, oral precipitate; 
Misc Ppt, miscellaneous precipitate. 
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invader. A rat infected with Trypanosoma lenoisi, for example, de- 
velops a monocytosis with the peak of cell count on about the fifth 
day after infection. In Nippostrongylus infection of normal rats, 
on the other hand, connective tissue mast cells, eosinophiles, and 
macrophages increase in number in the lamina propria of the in- 
testine not until about ten days following infection.^® In trichiniasis 
of man a rise in circulating eosinophiles is the most conspicuous 
cellular response, this being noted during the second week, before 
antibody tests are generally positive. An eosinophilia is also noted 
in trichiniasis of pigs; this begins a few days after infection and 
reaches its peak during the fourth week. In rats with Trichinella 
an eosinopenia is sometimes noted during the first several days 
after infection, eosinophiles at this time being concentrated in the 
intestinal mucosa. An eosinophilia usually develops, however, one 
or two weeks later.*’ 

Specific junction. — The cells function in specific immuni ty 
against protozoans both indirectly through antibody production 
and directly by attacking the invader. In many cases, especially in 
leishmaniasis ** and tr 5 ^anosomiasis,-® the response in macro- 
phages so closely parallels the appearance of serum antibody that 
a relationship between the two phenomena seems likely. In ma- 
laria, also, the monocytes may be concerned with .specific antibody 
formation. 

With certain protozoa, convincing evidence of the function of the 
cells through phagocytizing parasites is available. Perhaps the best 
examples are seen in the malarias. The fixed tissue phagocytes of 
the spleen and the liver are especially active in these infections, 
not only of man -* but also of monkeys *” and birds.*® Circulat- 

-®W. H. Taliaferro and M. P. Sarles, J. Parasitol., 23; S61 (1937). 

21V. D. van Someren, J. Helminthol., 16: 83 (1938) ; E. H. Bcahm and C. M. 
Downs, J. Parasitol., 25: 405 (1939). 

22 L. E. Napier, K. V. Krishnan, and C. Lai, Indian M. Gaz., 68: 75 (1933). 

22 D. F. Gowe, Am. J. Trap. Med., 17 : 401 (1937) ; C. J. Duca, Am. J. Ilyg., 29: 
25 (1939, sec. C). 

2'! W. H. Taliaferro and H. W. Mulligan, Indian M. Research Mem., Suppl. Ser. to 
Indian J. M. Research, Mem. No. 29 (1937) ; P. C. C. Garnham, Tr. Roy. Soc. Trop. 
Med. & Ilyg., 32: 13 (1938) ; L. G. Thomson, Tr. Roy. Soc. Trop. Med. & Hyg., 
26: 483 (1933). 

22 W. H. Taliaferro, Am. J. Ilyg., 16: 429 (1932); W. H. Taliaferro and P. R. 
Cannon, J. Infect. Dis., 59: 72 (1936). 

22 W. H. Taliaferro, Science, 75; 619 (1932) ; W. Gingrich, J. Prevent. Med., 6: 
197 (1932) and J. Infect. Dis., 68; 37 (1941). 
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ing phagocytic cells also may perform the same function.^*’ 

The role of the cells in helminth infections is fundamentally the 
same as in protozoan diseases, although because of the size of most 
worm parasites many cells must function collectively before a sig- 
nificant effect is possible. The role of the cells has been studied 
particularly in the case of the migrating larvae of the nematode 
Nippostrongylus muris in the rat. In immune animals these larvae 
experience difficulty throughout their somatic migration. As soon 
as the infective stage has pierced the skin, a vigorous inflammatory 
response occurs. Defensive cells infiltrate from the blood to the 
area surrounding the migrating larva and usually delay its passage. 
Nodules of cells arise about worms which have been immobilized 
and finally wall them off completely and prevent their escape. 
Worms soon die under this circumstance, and the macrophage cells 
then function by clearing away their remains. Essentially similar 
responses are noted in other sites, such as the lungs and the in- 
testines, upon parasites which may have successfully negotiated 
the first line of defense (see Figure 2 ) 

What has just been said may imply that the cells themselves act 
vigorously in defending the body against parasites. One should re- 
member, however, that usually before parasites become vulnerable 
to the effects of the cells the parasites must first have been in con- 
tact with specific antibody. The cells (omitting their antibody- 
forming function) are primarily scavengers, lacking in the neces- 
sary initiative to engage the fully virulent parasite, but able to 
complete its destruction after it has been rendered vulnerable by 
specific antibody. In rather similar manner the body cells are con- 
sidered to play an accessory or adjunctive role with respect to many 
drugs employed in the therapy of, particularly, the protozoan dis- 
eases.-*' 

2^ C. D. dc Langcn, Genecsk. Tijdschr. v. Nedrrl.-Indie, 72\ 79.S (19.^2), ?nd Tr. 
Roy. Soc. Trop. Med. & HyR., 26; 523 (1933) ; H. See-Lii, Arch. f. Schiffs- u. Tropen- 
Hvg., 38: 249 (1934) ; H. Stott, Indian M. Gaz., 68: 507 (1933). 

W. H. Taliaferro, Am. J. Trop. Med., 20: 169 (1940) ; W. II. Taliaferro and 
M. P. Sarlcs, J. Infect. Dis., 64: 157 (1939). 

C. W. junpeblut, Krgebn. d. Hyg., Bakt., Immunitdtsforsch. u. exp. Therap., 
11:1 (1930) ; L. Reiner, C. S. Leonard, and S. S. Chao, Proc. Soc. Hxper. Biol. & 
Med., 27: 791 (1930); N. v. Jancso and H. v. Jancso, Ann. Trop. Med., 28: 419 
(1934); 29: 95 (1935); J. T. Culbertson, Am. J. Hyg., 29: 73 (1939, see. C) ; 
F. Hawking, Ann. Trop. Med., 33: 13 (1939). 
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LOCAL IMMUNITY 

Inasmuch as all metabolizing cells are potentially able to mani- 
fest an immune response, such a response may be made by one 
organ or by one tissue alone, to the exclusion of the remainder of 
the body. Good examples of such strictly local immunity, however, 
are rare. Usually what begins as a local immune response finally 
spreads to include the entire body, since as soon as the parasite 
antigens are developed in sufficient amount to overflow the local 
tissue they spread to adjacent areas. All tissues which are stimu- 
lated by the antigen then take part in the response to it. If the anti- 
gen enters the circulation, it is quickly carried to essentially all 
parts of the body, and a generalized response is assured. 

Even though the immune response involves the entire body, the 
effect upon the parasite is often exerted only in specific local sites. 
This sometimes occurs because the parasite invades only certain 
kinds of cells or only some one organ. In coccidiosis of the rabbit, 
for example, the parasites are confined to the epithelial cells of the 
intestine or bile ducts, and although the immune response is prob- 
ably generalized — since specific antibody occurs in the serum of 
infected animals — this response impresses itself on the parasite 
only locally — that is, in these epithelial cells. 

The immune response to parasites which occur in or migrate 
through the various somatic tissues is perhaps always of a general- 
ized character. The effect upon the parasites, however, is often con- 
fined largely to strategic local points in which the cells are best able 
to supplement the action of the antibody. In malaria, for example, 
the phagocytosis of the parasites occurs best in the liver and the 
spleen.'^" In the case of Nippostrongylus infection of the rat the 
chief sites for the immune effect arc skin, lungs, and intestinal 
mucosa. In experimental trichiniasis the chief effect is upon the 
adult worms which inhabit the intestine and which bore super- 
ficially into the intestinal wall.-^‘ Although antibody probably plays 
the predominant role in the immunity to trichiniasis, since the pas- 
sive transfer of immunity with the serum is possible,’'^ eosinophiles 

H. Taliaferro and H. W. Mulligan, Indian M. Research Mem., Suppl. Ser. 
to Indian J. M. Research, Mem. No. 29 (1937). 

310. R. McCoy, Vol. JubiL pro Prof. S. Yoshida, 2: 629 (1939). 

3- J. T. Culbertson and S. S. Kaplan, Parasitology, 30: 156 (1938). 
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nevertheless collect in the mucosa of immune pigs and rats and 
seem to form a more-or-less effective barrier to infection.®® The 
encapsulation of Trichinella larvae in the striated muscle may also 
be evidence of an immune response. In experimental cysticercosis 
of rabbits immunity appears to depend in part upon the intestinal 
wall, the local tissue presenting a more or less mechanical barrier 
to penetration by embryos.®* In all these cases the immune re- 
sponse results from the stimulation of all or of many tissues. The 
immunity is directed against the parasite, however, principally in 
specific local sites which are strategically disposed. 

G. W. Bachman, Rev, de med. trop, y parasitol.^ bacteriol., din. y lab., 4: 121 
(1938) ; V. D. van Somercn, J. Ilelminlhol., 16; 83 (1938). 

A. B. Leonard and A. E. Smith, J. Parasitol. (Suppl), 25; 30 (1939). 



Chapter VIII 

DEMONSTRATION OF IMMUNITY 


S EVERAL DIFFERENT METHODS Can be followed to determine 
whether or not a given person or animal has made an immune 
response to a given parasite. These generally take one of three 
forms — namely, (1) tests upon the person or animal himself, 
(2) tests with the serum from the individual, and (3) tests upon 
the parasite. The advantage of one method over another in any 
given case depends on the nature of the parasite and the infection 
which it causes and the attendant danger to the host of applying 
the method. 

DEMONSTRATION OF IMMUNITY BY TESTS 
UPON THE HOST 

Tests to demonstrate an immune response directly in a person 
or animal usually involve either (1) exposing the individual to 
reinfection with the homologous parasite or else (2) inoculating 
the parasite antigens intradermally to the individual in an effort 
to elicit a local skin response. 

EXPOSURE TO REINFECTION 

The most convincing evidence of a specific immune response by 
a person or an animal is his ability to resist reinfection with the 
homologous parasite. If the host species is one which is normally 
susceptible to a parasite, and if it was easily infected on initial 
exposure, the failure to infect on subsequent exposure is almost 
certainly the result of an immune response which the animal has 
made to that parasite. Sometimes complete resistance to reinfec- 
tion is manifested. Among experimental protozoan infections, per- 
haps the best example of such complete resistance is Trypanosoma 
lewisi infection in rats. Once the rat has recovered from infection 
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with this parasite, it is apparently absolutely resistant thereafter 
and will quickly overcome even tremendous doses of the homolo- 
gous organism subsequently introduced. The best experimental 
helminth infection which can be cited is cysticercosis of rats due 
to Taenia crassicollis} Often, however, the immune response, al- 
though definite, is inadequate completely to prevent subsequent 
reinfection. Mild infections may then follow reinoculation with 
the parasite. In human malaria,- for example, as well as in the 
malarias of birds and in coccidiosis,® second and third infections 
with the homologous parasite usually occur, although they are of 
low intensity as to parasite numbers and are often without clinical 
symptoms. Likewise in hydatid disease of sheep,^ somatic ascari- 
asis in guinea pigs,® Ascaridia infection in chickens,® hookworm 
disease in dogs ’’ and mice,® and in rat infections with Nippo- 
strongylus muris,^ Trickinella spiralis, and Strongyloides ratti,^^ 
partial resistance to reinfection is manifested. 

SKIN RESPONSE 

Another mode of demonstrating an immune response directly in 
the host himself is by testing the skin of the individual with anti- 
gens of the homologous parasite. Man generally manifests both 
an immediate and a delayed skin reaction. Animals usually show 
only a delayed type of reaction. A few species, such as the rat, 
are unsatisfactory subjects for skin tests, since their skins are 

1 II. M. Miller, Jr., Proc. Soc. Exper. Biol, & Med., 28: 467 (1931). 

-M. F. Boyd and L. T. Coggeshall, Tr. Third Internal. Congr. Trop. Med. and 
Malaria, 2; 292 (1938) ; M. F. Boyd, W. K. St ratman -Thomas, and H. Muenrh, 
Am. J. Hyg., 20: 482 (1934); M. F. Boyd, W. H. Kuppcr, and C. B. Matthews, 
Am. J. Trop. Med., 18: S21 (1938). 

^ D. P. Henry, Proc. Soc. Exper. Biol. & Med., 28: 831 (1931) ; E. E. Tyzzer, 
H. Thciler, and E. E. Jones, Am. J. liyg., 15: 319 (1932) ; Wilson, Vii. Agric. Exper. 
Sta., Tech. Bull,, No. 42: 1 (1931) ; H. E, Biester and L. H. Schwartc, J. Am. Vet. 
M. A., 81: 358 (1932). 

^ E. L. Turner, E. W. Dennis, and D. A. Berbcrian, J. Parasitol., 23: 43 (1937) . 

K. B. Kerr, Am. J. Hyg., 27: 28 (1938). 

® G. L. Graham, J. E. Ackert, and R. W, Jones, Am. J. Hyg., IS: 726 (1932). 

7 O. R. McCoy, Am. J. Hyg., 14: 268 (1931) ; G. F. Otto and K. B. Kerr, Am. J. 
Hyg., 29: 25 (1939, sec. D). 

8 K. B. Kerr, Am. J. Hyg., 24: 381 (1936). 

® C. M. Africa, J. Parasitol., 18: 1 (1931) ; B. Schwartz, J. E. Alicata, and J. T. 
Lucker, J. Washington Acad. Sci., 21: 259 (1931). 

i®0. R. McCoy, Am. J. Hyg., 14: 484 (1931). 

11 A. J. Sheldon, Am. J. Hyg., 25: 53 (1937). 
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COMPARATIVE IMMUNE RESPONSE AGAINST VARIOUS 
ANIMAL PARASITES 
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of such a texture that despite a potent immunity in the animal 
no skin reaction can be elicited. Among human infections, particu- 
larly, skin tests are of extraordinarily high value in demonstrat- 
ing an immune response. Such tests are utilized especially in the 
somatic helminth infections of man, including schistosomiasis,'® 
cysticercosis,'® hydatid disease," filariasis,'” and trichiniasis.'® 

DEMONSTRATION OF IMMUNE RESPONSE BY TESTS 
WITH SERUM FROM THE ANIMAL 

Serum from the host can be employed in two ways to determine 
whether the host has made an immune response to a given parasite; 
(1) by passive transfer of the serum to a susceptible animal in 
order to test its protective value against the homologous parasite 
and (2) by testing the serum in vitro for specific antibodies. 

PASSIVE TRANSFER 

The serum from animals which have suffered from any of sev- 
eral parasitic infections will protect susceptible animals from the 
homologous parasite. This is seen particularly in trypanosomiasis 
and malaria, among protozoan infections. In trypanosomiasis the 
best effects are observed with members of the lewisi group of 
trypanosomes and with Trypanosoma cruzi,'^^ although when ab- 
solutely strain specific serums are used evidence for protection 
against the pathogenic trypanosomes also is obtained. With the 
malarias the best success has been obtained in infections of mon- 
keys and of birds.®" Protection by the transfer of serum also is 

N. H. Fairley and F. E. Williams, M. J. Australia, 2: 811 (1937) ; W. H. Talia- 
ferro, W. A. Hoffman, and D. H. Cook, /. Prevent. Med., 2: 39S (1928). 

I’D. R. A. Wharton, Am. J. Hyg., 14: 477 (1931). 

I’K. D. Fairley, M. J. Australia, 1: 472 (1929), and 2: 320 (1929). 

” W. H. Taliaferro and W. A. HoRman, J. Prevent. Med., 4; 261 (1930 ) ; N. H. 
Fairley, Tr. Roy. Soc. Trap. Med. & Hyg., 25: 220 (1932). 

‘»G. W. Bachman, J. Prevent. Med., 2: 513 (1928); D. L. Augustine and 
H. Theiler, Parasitology, 24: 60 (1932). 

■’F. A. Coventry, Am. J. Hyg., 5: 127 (1925) ; W. H. Taliaferro, J. Immunol., 
35; 303 (1938). 

“ J. T. Culbertson and M. H. Kolodny, J. Parasitol., 24 : 83 (1938). 

L. T. Coggeshall and H. W. Kumm, J. Exper. Med., 66: 177 (1937), and 68: 
17 (1938). 

2® R. Hegner and L. Eskridge, Am. J. Hyg., 28: 367 (1938) ; R. D. Manwell and 
F. Goldstein, J. Exper. Med., 71: 409 (1940). 
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seen among such helminth infections as cysticercosis of rats and 
rabbits, “ hookworm disease of dogs,-3 Nipposlrongylus infection 
of rats,2< trichiniasis of rodents, and Strongyloides infection of 
rats.2« 

The resistance manifested by a passively immunized animal is 
usually less than that manifested by one which has been actively 
immunized. Yet evidence for resistance in animals given serum is 
undeniable, since subsequent infections are generally compara- 
tively milder and of brief duration. The effectiveness of the serum, 
however, depends on its antibody content. If the serum used is rich 
in antibody, passively immunized animals may be completely 
protected. Serum will not confer resistance to a susceptible animal 
unless taken from a donor which has been infected intensely 
enough and for a sufficient time to develop antibodies. In one study 
upon cysticercosis of rats, for example, serum taken seven days 
after infection of the donors had little protective value, but that 
taken fourteen days after infection conferred considerable pro- 
tection, and that taken twenty-one or twenty-eight days after in- 
fection conferred perfect resistance upon the recipient.*^ Rats 
infected with Trypanosoma lewisi usually have but little antibody 
in their serum before the sixth or seventh day of their infection. 
Serums must, therefore, be drawn after this time to be effective 
for the transfer of immunity to Trypanosoma lewisi passively to 
other animals. 

IN VITRO TESTS FOR ANTIBODY 

The principal in vitro serum antibody tests are those for agglu- 
tinins, precipitins, complement-fixing substances, and adhesins. 
Because of the physical state of the various parasites one type of 
test is often preferred to others. For example, agglutinin tests are 

H. M. Miller, Jr., Am, J, Hyg,, 19: 270 (1934) ; D. H. Campbell, J. Imviunol., 
35: 195 (1938). 

- K. B. Kerr, Am, J, Hyg., 22: 169 (1935). 

G. F. Otto, J. Parasitol. (Suppl.), 24: 10 (1938). 

2^ M. P. Sarles and W. H. Taliaferro, J. Parasitol. {Suppl.), 24: 35 (1938). 

“®A. Trawinski, Zeniralbl. /. Bakt., 134: 145 (1935); J. T. Culbertson and 
S. S. Kaplan, Parasitology, 30: l56 (1938). 

H. J. Lawlor, Am. J. Hyg., 31: 28 (1940, sec. D). 

27 D. H. Campbell, J. Immunol., 35: 195 (1938). 
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possible in trypanosomiasis and in malaria, for the parasites in- 
volved can somewhat easily be obtained as an agglutinable sus- 
pension. With infections by the larger helminths, on the other 
hand, agglutination tests cannot be performed. With them precipi- 
tin tests are somewhat more easily carried out, since the helminth 
antigens can best be extracted from the parasite. Complement 
fixation tests can be done in nearly all infections, and adhesin tests 
in a select few. In each case a positive reaction of the serum shows 
that the individual has responded by the production of antibody 
against the parasite antigens. 

Agglutination. — The serum of a rat recovered from an infection 
with Trypanosoma lewisi or vaccinated with the antigens of 
Trypanosoma lewisi -* or Trypanosoma equiperdum will agglu- 
tinate a suspension of the homologous organism. Likewise the 
serum of monkeys or birds infected, respectively, with Plasmodium 
knowlesi or Plasmodium circumflexum,^^ will clump suspen- 
sions of the corresponding parasites. Although the agglutination 
test is not adaptable to many helminth infections, the filariform 
larvae of Strongyloides are said to be agglutinated by the serum 
of an animal recovered from strongyloidiasis.®*- 

Precipitation. — ^The presence of precipitins has been reported 
in the serum of persons or animals with amoebiasis,*" coccidiosis,®'* 
and malaria,®® among protozoan infections. Precipitins have also 
been demonstrated in such helminth infections as fascioliasis of 
cattle,®® in schistosomiasis,®'^ cysticercosis of man ®® and pigs,®“ 


J. T. Culbertson and W. R. Kessler, Am. J. Hyg., 29: 33 (1939, see. C). 

L. Reiner and S. S. Chao, Am. J. Trap. Med., 13: 525 (1933). 

M. D. Eaton, J. E.\per. Med., 67: 857 (1938) ; B. Malamos, Riv. di malarial., 
16: 91 (1937). 

31 R. D. Manwell and F. Goldstein, J. Exper. Med., 71: 409 (1940). 

33 S. Sato, Fukuoka-Ikwadaigaku-Zasshi, 26: 88 (1933). 

33 E. H. Wagener, Univ. California Publ., Zoology, 26: 15 (1924) . 

3^ G. W. Bachman, Am. J. Hyg., 12: 624 (1930). 

3s W. H. Taliaferro and L. G. Taliaferro, /. Prevent. Med., 2 : 147 (1928). 

33 W. A. Hoffman and T. Rivero, Porto Rico Rev. Pub. Health & Trop. Med., 
4: 589 (1929). 

37 B. Imai, Japan M. World, 8: 273 (1928) ; S. Miyaji and B. Imai, Zentralbl. /. 
Bakt., 106: 237 (1928) ; W. H. Taliaferro, W. A. Hoffman, and D. H. Cook, J. Pre- 
vent. Med., 2 : 395 (1928). 

33 J. Rothfeld, Deutsche Ztschr. j. Nervenh., 137: 93 (1935) ; A. Trawinski and 
J. Rothfeld, Zentralbl. /. Bakt., 134: 472 (1935). 

33 A. Trawinski, Zentralbl. f. Bakt., 136: 116 (1936). 
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echinococcus disease, ascariasis,« Ascaridia infection of chicks,** 
hookworm disease of dogs,** Nippostrongylus infection of rats,** 
and trichiniasis *® 

Complement Complement-fixing antibodies have been 

detected in amoebiasis,*” leishmaniasis,*^ trypanosomiasis,*® coc- 
cidiosis *® and malaria, and among helminth infections in fascio- 
liasis,'"** schistosomiasis,'"'* Diphyllobothrium infection of mon- 
keys,'"'* cysticercosis,"* echinococcus disease,'-® ascariasis,®* filari- 
asis,®^ and trichiniasis.®® The complement fixation test is probably 
the most delicate of all the antibody tests and at once the most 
delicate test for detecting an immune response by an animal against 
a parasite. It is, however, an exceedingly difficult test to perform, 
and unless all the details of its performance are carefully checked 
incorrect results are often obtained. 

Adkesin tests. — ^The adhesin antibody has been detected only 

•'<' P. Bonclli, Gior. di balleriol. c immunol., 12; 681 (10.14) ; K. Hoder, Forlschr 
d. Med., 51: ^S') (mi). 

•" K. A. Coventry, J. Prevent. Med., 3: 43 (1929). 

■*- L. L. Eisenbrandt and J. K. Ackert, Am. J. II yg., 32: 1 (1940, sec. D). 

•'=' G. F. Otto, .im. J. Hyg., 31: 23 (1940, sec. D). 

•“ M. P. Sarlcs, J. Parasitol., 23; .SCO (1937). 
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in a few parasitic infections. It is present in trypanosomiasis,®” as 
well as in leishmaniasis and filariasis.®” 

DEMONSTRATION OF IMMUNITY BY EFFECTS UPON 
THE PARASITES 

An immune response by an animal to a given parasite may be 
detected by the effect which subsequent residence in that animal 
has upon the parasite. The actual number of parasites which de- 
velop in the immune animal is often less than in the normal ani- 
mal, the immune animal sometimes manifesting complete resist- 
ance to infection. When the parasite does develop in the immune 
animal, it is often of smaller size than in the normal host and gives 
evidence either of retarded development or of an inability to reach 
full maturity. In the case of helminths the egg production by 
parasites is often significantly reduced in the immune host. These 
various effects upon the parasites result perhaps chiefly from the 
action of specific antibody to which the parasites are exposed in 
the immune host. 

Number of parasites— Tht number of parasites which develop 
in immune hosts after reinfection with protozoans is definitely less 
in the natural trypanosomiases of rodents and in Trypanosoma 
cruzi infection of these animals, as well as in coccidiosis and in 
the malarias of man,"- monkey,"® and bird."* An effect upon the 
number of helminth parasites, likewise, is seen in hosts immune 
to Schistosoma japonicumf'-' the cysticerci of Taenia serrata and 
Taenia crassicollisf^' the hydatid of sheep,"® the cysticercoids of 

II. L. Duke and J. M. Wallace, Parasitology, 22: 414 (1930) ; S. Raffel, Am. J. 
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Hymenolepis fraterna,^^ and in trichiniasis,^® Ancylostoma cani- 
num of dogs,''’^ Ascaridia lineata of chicks,’- and Nippostrongylus 
muris of rats.’* In many cases, particularly with the protozoans, 
infection is sometimes completely prevented. 

Size of parasites. — Immune effects upon the size of parasites are 
observed chiefly with the helminths. Schistosomes which develop 
in immune dogs are diminutive,’* and both the larvae’”' and 
adults’® of Taenia crassicollis in immune rats and kittens, re- 
spectively, are smaller than when developed in normal animals. 
Nippostrongylus muris also is stunted in immune rats,” and 
Ascaridia lineata is shorter in immune chicks.’* 

Development of parasites. — Helminths often grow more slowly 
when residing in an immune host, and sometimes they fail to reach 
maturity. Such retardation has been observed in Schistosoma 
japonicum in immune dogs,’** in Taenia crassicollis in immune 
cats,®* and in Nippostrongylus muris in immune rats.®* Further- 
more, egg production is less in the case of Hymenolepis fraterna,^- 
Ancylostoma caninum,^'^ Ilaemonchus contortus,^' and Nippos- 
trongylus muris,^-’ when these are in immune animals. Fewer 
larvae are produced by each female Trichinclla in immune rats.®'* 
When transferred to a normal host from an immune host, the 
worms often resume development and reach maturity. The pro- 
duction of eggs may then be resumed.®’ 

Persistence of parasites. — Parasites persist in immune animals 
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for shorter periods than in normal animals. Trypanosoma lewisi, 
for example, will usually persist for two or three weeks in the 
normal rat. Large doses inoculated to the immune rat, however, 
will be destroyed in a few hours.®'* A second infection with malaria 
in an immune man, likewise, will survive only a week or less, 
whereas a primary infection endures for months. Helminths also 
persist for shorter periods in immune hosts. If Trichinella larvae 
be fed to immune rats, for example, they are passed directly 
through the intestine in from eight to eighteen hours, mostly with 
no development.®® In the normal rat these larvae persist for from 
three days to several weeks, depending on the number adminis- 
tered.®® 

®®W. H. Taliaferro, J. Infect. Dis., 62: 98 (1938). 

s«0. R. McCoy, J. Parasitol. (Suppl.), 24: 3S (1938) and Am. J. Hyg., 32: lOS 
(1940, sec. D). 

8“0. R. McCoy, Science, 75: 364 (1932). 
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chapter IX 
THE AMOEBIASES 


T he only parasitic amoeba significant as the cause of disease 
in either man or animals is Endamoeba histolytica. Essen- 
tially all to be said on the immunology of amocBiasls wiff, therefore, 
refer to this form. Endamoeba histolytica is generally regarded as 
primarily a human parasite, which produces in a small percentage 
of the general population the very serious diseases, amoebic dysen- 
tery and amoebic abscess* Morphologically identical amoebas have 
been found in several animals. 

NATURAL RESISTANCE 

HOST RESTRICTION 

Although Endamoeba histolytica is primarily a human parasite, 
it will, nevertheless, also infect a number of lower animals. The 
Macacus rhesus is believed to be a natural host of the narasite,' and 
the rat also appears significant as an agency for its transmission. 
Dogs, cats, monkeys, and rats can all be experimentally infected, 
and intestinal lesions develop in infections of the first three of these 
species." Lesions in the cat are not of the undermining character 
seen in human infections, but are of simpler form and are generally 
surrounded by areas of inflammation, which suggest the possible 
intervention of bacterial infection.-* Cysts are not usually formed in 
infections of cats or dogs, although they are found in men and 
monkeys and often in rats. Generally the parasite succeeds in es- 

> C. Dobell, Parasitology, 23: 1 (1931). 

" F. O. Atchlcy, Am. J. Hys^, 23; 410 (1936) ; C. F. Craiy and J. C. Swartzweldcr, 
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19: 151 (1939) ; R. Hepner, C. M. Johnson, and R. M. Stabler, Am. J. Hyg., 15: 
394 (1932) ; H. h. Ratcliffe, Am. J. 14: 337 (1931) ; E. C. Faust, Am. /. Trop. 
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^ H. Tsuchiya, Am. J. Trop. Med., 19: 151 (1939). 
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tablishing itself in only part of a group of animals to which it is 
administered experimentally, although a strain once passed through 
a given animal species gradually adapts itself to that host and on 
subsequent passages will infect a higher percentage of individuals.'* 

Most human beings are naturally resistant to infection with 
Endamocba histolytica. Evidence for this lies chiefly in the fact that 
the great majority of persons never contract infection ■with this 
parasite, even though almost certainly they are repeatedly exposed 
to it. Those individuals who do acquire the infection generally keep 
it comparatively well controlled, and old lesions heal about as rap- 
idly as new ones'lire formed. Usually in such resistant persons 
symptoms are never observed, and occasionally spontaneous cures 
occur. 

The basis for the absolute natural resistance of most species of 
animals to infection with Endamocba histolytica is still obscure, but 
some experimental evidence has been presented which seems largely 
to explain why generally only a rather small percentage of individ- 
uals within a susceptible species can be infected. The resistance of 
the individual animal appears to be related to the degree of gastric 
acidity. If, for example^ cysts of Endamocba histolytica are fed to 
rats with little or no food in their stomachs, the infection rate is 
higher than in rats with full stomachs, presumably because passage 
through the full stomach is delayed, with consequently greater, or 
even complete, destruction of the parasites from prolonged contact 
with the stomach acid. The infection rate likewise can be increased 
by neutralizing the stomach acid by the addition of alkali.'''’ Unless 
free hydrochloric acid is present in the gastric juice, even the troph- 
ozoites of Endamocba histolytica fed to dogs pass unharmed 
through the stomach and set up colonic infections.® 

FACTORS INFLUENCING NATURAL RESISTANCE 

f) Age . — ^Young dogs and cats are more susceptible to experimental 
infection with Endamocba histolytica than are older animals, the 
older ones not infrequently remaining wholly symptomless. The 
susceptibility of dogs is said to decrease more rapidly than that of 

*F. O. Atchky, Am. J. Hyg., 23; 410 (1936) ; H. Tsuchiya, Am. J. Trap. Med., 
19: 151 (1939) ; E. Faust, Am. J. Trop. Med., 12: 37 (1932). 
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® J. C. Swartzwelder, Pub. Iledllh Rep., 52: 1447 (1937). 
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cats as age and weight advance.'' In man the greatest incidence of 
infection, as found in one extensive survey,** occurs between the 
ages of twenty-six and thirty- five yea rs. Children belo w five ypar «t 
are seldom infected, not because of an inherent resistance, but prob- 
ably because they are less exposed to infection. Persons above 
thirty-five years may owe their comparative resistance to a specific 
immunity acquired from prior infection. In a second survey, cover- 
ing more than twenty thousand persons in rural Tenne.ssee, the age 
incidence with Endotnocbo. histolyticc was found to rise rapidly in 
childhood, increase slightly in middle adult life, and decline in those 
more than sixty years of age.* However, the clinician must never 
lose sight of the fact that persons of any age are potentially suscep- 
tible to infection with this parasite. 

Sex.— A. larger percentage of males than of females contract in- 
fection with Endamoeba histolytica, and of these a higher percent- 
age of the males suffer symptoms of amoebic dysentery. Likewise, 
males contract amoebic liver abscess much more frequently than 
females, this condition seldom being encountered among women. 

Race. — While all races are susceptible to infection with Enda- 
moeba histolytica, the whi te r a ce app ears t o suffer ntore than oth- 
ers from symptoms of_the_ disease. This is noted particularly among 
those individuals newly arrived in the tropics, such persons suffer- 
ing infection and symptoms more frequently than do the natives. 
However, the possibility of previous exposure or infection with the 
parasite among natives is generally not given due consideration in 
these comparisons of racial resistance, and the chance for the build- 
ing up through prior infection of a specific immunity by the native 
races is sometimes wholly lost sight of. 

Climate. — Climate seems to be a significant factor in natural 
resistance to amoebic infection. Infection with amoebae has its 
greatest incidence and symptoms are most frequently encountered 
among persons in the tropics. Furthermore, individuals who have 
the infection often improve on removal from the tropics to tem- 
perate zones. Climate per se may not deserve, however, quite all 
the significance usually attached to it as a factor in resistance to 

^ O. Wagner, Arch. f. Schiffs- u. Tropen-ffyg., 39: 1 (1935). 

^ E. C. F'aust, J. Pediat.f 2: S3 (1933). 

» H. E. Melcney, E. L. Bishop, and W. S. Leathers Am. J. Ilyg., 16: 523 (1932) . 
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amoebiasis. The diet, the use of alcohol, and the general tempo of 
life are different in the tropics, compared with the temperate zone, 
and these may largely explain the difference seen in resistance to 
the infection in the two regions. On the other hand, the climate 
doubtless has great significance in the natural survival and trans- 
mission of the parasite. Conditions of moisture and temperature in 
the tropics are more or less ideally suited to its survival and facili- 
tate its dissemination. The chance for exposure to the parasite is, 
then, greater in the tropics, and since this exposure may also in- 
volve larger numbers of parasites, the chance for more severe infec- 
^ons would be greater, 

JDiet . — ^The character of the diet exerts a profound effect upon 
the natural resistance to amoebic infection, especially as to the se- 
verity of the accompanying symptoms, A study of two rural com- 
munities of Tennessee revealed a higher incidence of dysentery in 
the one with a generally poor die t than in the other with a better 
diet, even though 40 percent of the population in the latter com- 
munity harbored the parasite.^* Dogs that are resistant to experi- 
mental amoebic infection so long as they are kept on a balanced diet 
lose their resistance if placed on a poor diet, such as one of canned 
salmon exclusively.* ' Liver products, on the other hand, seem to 
improve the condition of dogs after experimental Endamoeba his- 
tolytica infections.*- Raw liver is the most effective substance,** 
although liver extract also is helpful if given by mouth.* * Following 
the administration of raw liver, the amoebic lesion is arrested, and 
often the parasite development is completely prevented. Liver 
seems to play an amoebostatic rather than an amoebocidal role, 
and at the same time it lessens the danger of secondary bacterial 
invasion.* 

A high carbohydrate diet, that is, one favoring Gram-negative 
bacteria, creates conditions in the rat caecum which favor Enda- 
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tnoeba tnuris, a natural protozoan of the rat. These parasites sur- 
vive hardly at all in rats fed a diet high in protein and low in carbo- 
hydrate.^® The absence of vitamin A from the diet or the condition 
of vitamin A deficiency does not render the rat caecum unfavorable 
for Endamoeba wiwm.” 

ACQUIRED IMMUNITY 
RESISTANCE TO HiaNFECTION 

No adequate experimental evidence is available for the acquisi- 
tion of immunity by man through recovery from infection with 
Endamoeba histolytica, although on epidemiological grounds the 
reinfection of man seems seldom to result in symptoms. Natives in 
the tropics, where Endamoeba histolytica occurs widely, seldom 
suffer from amoebic dysentery even though the parasite occurs in 
their colon, whereas persons recently come from temperate zones 
must guard constantly against contracting severe dysentery when 
visiting these same tropical areas. The relative susceptibility of the 
visitor is generally explained by his not having previously been ex- 
posed, or at least his not having suffered a prior infection with En- 
damoeba histolytica. The comparative resistance of the native is 
believed to result from his recovery from an earlier acute infection, 
the immunity thus acquired being fortified through the years by 
repeated exposure. 

Some animal experimentation with Endamoeba histolytica in- 
fection provides data which suggests that recovery from agu te in - 
fection protects against reinfection,’ ** although often two or three 
Infections must be experienced before the immunity rises to a sig- 
nificant level.”’ 

Premunition. — Immunity after recovery from amoebic infection 
appears to last only so long as the causal parasite persists as a latent 
form of infection in the body of the patient. Persons in whom this 
latent infection is ended, cither by spontaneous recovery or by 
means of drug treatment, are as susceptible as normal persons to a 
fresh infection with the organism. In this respect immunity in 

R. Hesner and L. E.skriduc, J. Parasilol., 2S: 105 (19.17); H. L. RatcliSe. 
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96 THE AMOEBIASES 

amoebic infection is largely analogous to that in malaria, which will 
he discussed in a later chapter. 

ANTIBODY PRODUCTION 

Antibodies can be demonstrated in the serum of both human be- 
ings and animals after infection with amoebae. Th e antibo dies are 
best detected through the complement fixation tes t.-^» In experi- 
mental infection of dogs the fixation antibody has been demon- 
strated as early as the third day after infection, and most animals 
are positive by the fifteenth day. After animals recover, the anti- 
bodies gradually disappear. Antibodies also are developed in rab- 
bits injected with cultures of Endamoeba histolytica^^ 

PASSIVE IMMUNITY 

Immunity to amoebic infection has not been shown to be pas- 
sively transferable in the serum of recovered persons or animals. 

MECHANISM OF IMMUNITY 

Although it is thoroughly established that immunity in amoebia- 
sis depends upon the persistence of a latent infection with the 
homologous parasite, the actual mechanism of the immunity is 
obscure. Nevertheless, it is clear that the entire body becomes sen- 
sitized as the result of an infection with amoebae, since antibody 
specific for the amoeba substance promptly appears in the serum of 
an infected person or animal. Eventually some role in resistance to 
reinfection may he assigned this antibody, although none has yet 
been proved. Furthermore, no role may yet be assigned the leuco- 
cytes or other protective cells of the body, since such cells do not 
even infiltrate the area surrounding an uncomplicated amoebic 
lesion. The possibility remains that the immunity in amoebiasis is 
strictly local in character and is maintained by continuation of the 
infection in certain strategic organs and, tissues. The resistance ac- 
quired as a local response to infection may, then, be effective locally 
and may keep the parasite in check thereafter. Organs other than 
the colon seem to share in this immunity, however. The infrequency 
with which liver lesions develop in persons with intestinal amoe- 

Simic, Ann. de parasitol., 13: 34S (193S). 

2' P. E. Mcnendez, Am. J. Hyg., IS: 78S (1932). 
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biasis, for example, suggests that the liver also ha<; «;nmA 
for sp ecifi c resistance against the parasite. 


PROPHYLAXIS 

Immune phenomena have not be en applied in the prophylaxis of 
amoebic infections. - - 

DIAGNOSIS 

The most notable contribution of immunology thus far ir 
amoebic infection is the development of the complement fixatior 
test Jor diagnosing the disease. Although 
viously demonstrated the complement-fixing antibody in serum 
from amoebic cases,-- it remained for Craig to develop the test to 
a point of utility An alcoholic extract of cultures of Rndamoeba 
histolytica has generally been used as the antigen in the fixation 
test,-^ although an extract of scrapings from colonic ulcers or of 
intestinal mucus containing amoebae also has been tried success- 
fully.-* A positive test is given by active cases of amoebic dysentery 
and by carriers of Endamocba histolytica, as well as by cases Avith 
amoebic liver abscess. Extraordinarily severe infections often give 
negative tests, whereas the strongest reactions are given by individ- 
uals with mild or symptomless cases.-*** Persons cured of their in- 
fection by treatment give a negativej xadpn test within a few days 
or weeks, although the test again becomes positive in those whose 
infections relapse.-® The fixation reaction is specific, no fixation 
occurring with the serum of normal individuals, persons with non- 
pathogenic intestinal protozoans or persons with most other dis- 
eases. Cases of chronic ulcerative colitis, however, usually give a 
positive fixation test/-^ a result which leads some authorities to be- 

22 G. Izar, Arch. /. Schigs- u. Tropen-Hyg., 18; 36 (1914); I. Scalas, Rijorma 
med., 37; 103 (1921). 

23 C. F. Craig, Ain. J. Trap. Med., 7: 225 (1927). 

2 * C. F. Craig, Proc. Nat. Acad. Sc., 14: 520 (1928). 

2'^ C. F. Craig, Amebiasis and Amebic Dysentery, Springfield, Thomas (1934). 

23 C. F. Craig, J. Lab. and Clin. Med., 18: 873 (1933). 

2' C. F. Craig, Proc. Nat. Acad. Sc., 14: 520 (1028) ; C. F. Craig, Am. J. Trop. 
Med., 9: 277 (1929) ; Y. Yamamoto, /. Orient. Med., 24: 969 (1936). 

2 ^ C. F. Craig, J. Lab. and Clin. Med., 18: 873 (1933). 

20 E. D. Kiefer, Am, J. M. Sci., 183: 624 (1932) ; N. P. Sherwood and L. Heath- 
man, Am. J. Uyg., 16 : 124 (1932) ; H. Tsuchiya, f. Lab. and Clin. Med., 19: 495 
(1934). 
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lieve that this affliction represents a pyogenic infection superim- 
posed on an original amoebic ulceration.-’® 

It is obvious from what has been said that the fixation test is very 
helpful as an aid in the diagnosis of amoebiasis.’^ Nevertheless, 
there are some who feel that the technical difficulties entailed in its 
performance render older and simpler methods of diagnosis, for ex- 
ample, fecal examination and stool cultivation, preferable.’- 
A positive complement fixation test is given also by experimen- 
tally infected dogs and monkeys,’^ although not by rats. Pre- 
sumably, some degree of tissue invasion must occur before a test 
can be positive, and none occurs in rat infections. Experimentally 
infected dogs sometimes give a positive test after only three or four 
days, and most infected dogs will give the test within fifteen days. 
After recovery or successful treatment, dogs give a negative test.’-’ 
Only very poor results have yet been obtained with other im- 
munological procedures in the diagnosis of amoebic dysentery. Pre- 
clpitins have been detected in the blood of infected cats by mixing 
their serum with antigen derived from colonic le.sion scrapings by 
extraction with Coca’s fluid,’" but the method has not been used in 
human infections. A similar antigen has also elicited skin tests in 
patients,’^ but such tests have not had extensive trial. 

E. D. Kiefer, Am. J. M. Sci., 183 : 624 (1932) . 

'*^T. B. Magath and II. E. Meleney, Am. J. Trap. Med., 20: 211 (1940). 

='-M. Paulson and J. Andrews, Arch. Ini. Med., 61: S62 (1938) : B. K. Specter 
J. Prevent. Med., 6: 117 (1932). 

E. Mclcncy and W. W. Frye, Am. J. Pub. Health, 27: SOS (1937) ; C. F. 
Craig, Proc. Soc. Exper. Biol. & Med., 30: 270 (1932). 

=“C. F. Craig and J. C. Swartzwelder, Proc. Soc. Exper. Biol. & Med., 37- 671 
(1938). 

E. Meleney and W. W. Frye, Am. J. Pub. Health, 27: SOS (1937); C. F 
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chapter X 

THE LEISHMANIASES 


O NE OF THE most notable contributions of immunology to the 
study of the leishmania infections lies in the classification of 
the organisms causing these diseases. ^ The parasites of the several 
clinical entities are indistinguishable in morphology and physiol- 
^SY) they can be differentiated only through immune reactions. 
At the present time three distinct human species are usujilly ac- 
knowledged; Leishmania donovani in kala azar, Leishmania trop- 
ica in oriental sore, and Leishmamd Urasiliensis in iSpundia, al- 
though the last is often treated as a variety of Leishmania tropica.- 
The systematic position of other leishmanias is comparatively un- 
certain, although forms found in clinically similar diseases of the 
dog — an animal often incriminated as playing some role in the 
epidemiology of the human leishmaniases — are believed identical 
immunologically with the corresponding human pathogens '* and 
are sometimes assigned the same specific designations. For a more 
extended discussion, see Chapter XVIII. 

The problem of immunity in infection with the leishmanias is 
rendered peculiarly difficult from the outset by the fact that the 
causal organisms naturally reside and multiply almost exclusively 
within ccTls^f the feticulo-eridbfhelial system where immune re- 
sponses against most infectious agents are believed to be initiated.^ 
One would suspect that such responses as were made to an agent 
which succeeded in reaching the seat of the immune process, and 

' H. Nopuchi, Proc. hit. Confer, on Health Probs. in Trop. America, United Fruit 
Co., Boston, 455 (1924). 

- F. Da Fonseca, Am. J. Trop. Med., 13: 113 (1933); A. Laurinsich: Pediatria, 
39: 345 (1931) ; P. E. Mesik, Gior. di hatteriol. e. immunol., 3: 225 (1928). 

’* N. I. Chodukin, Stippl. to Pensie med. d^Usbeguistane et de Tnrqumenhtane 
(1928-29). 

*L. Bogliolo, Pathologka, 26: 735 (1934). 
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there persisted and proliferated with no difficulty, would be com- 
paratively poor and ineffectual for overcoming that invader. For 
the most part, this suspicion is borne out by the observed facts, al- 
though much of the available information is inconclusive and con- 
tradictory. Opposing this view is the almost legendary knowledge 
that human recovery from an oriental sore insures freedom from 
subsequent infection with the same disease. Knowledge of this fact 
has been applied since early times by mothers in endemic areas, 
who have guarded the facial beauty of their daughters against dis- 
figuration by deliberately inducing a sore on some hidden part of the 
girls when young. 


NATURAL IMMUNITY 

HOST RESTRICTION 

Leishmania donovani has been found in natural infections of 
only dogs and cats, besides man. Infections with it have been ex- 
perimientally induced^owever, in a rather wide range of animals. 
Most studies have been carried on in Macacus monkeys, mice, and 
hamsters, although guinea pigs, rabbits, rats, jerboas, and gerbilles 
among rodents, and jackals and flying foxes all have been infected. 
Experimental infection often fails, however, even in hamsters, 
which are probably the best experimental animal for this proto- 
zoan.® 

Leishmania tropica also can invade many animals. It has been 
recovered from natural infections in the skin of dogs, and infections 
can be induced in monkeys, dogs, cats, rats, mice, and guinea pigs. 
Not infrequently, especially in mice, generalized visceral infections 
with Leishmania tropica ensue if the parasite be injected deeply 
into the skin. Leishmania brasiliensis resembles Leishmania trop- 
ica in its infectivity in essentially all respects. It is also found nat- 
urally in the dog. 

FACTORS INFLUENCING NATURAL RESISTANCE 

The circumstances of natural infection with all the leishmaniases 
is so obscure that as yet factors which influence natural resistance 
have not been determined. Persons of a ll age group s are apparently 
susceptible to infection, and even a dults may -succwnh to the vis- 

“ E. Kindle, Tr. Roy. Soc. Trop. Med. & Hyg., 24: 97 (1930). 
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ceral disease if untreated. However, in the Mediterranean area and 
in China children are the chief sufferers, thosi‘ infected in Mediter- 
ranean countries being usually less than four years old. Males are 
more frequently infected than females, possibly because of greater 
exposure. Undernourishment is a serious predisposing cause, al- 
though no s^cilic element of the diet is known to play a role in 
resistance. Another predisposing factor may be malarial infection. 
At least monkeys {Macacus cynotnolgus) with plasmodial infec- 
tion are believed more susceptible to Leiskmania donovani than 
normal monkeys.® During human infection with kala azar positive 
tuberculin tests become negative temporarily.’’ 

The reticulo-endothelial system probably plays a significant part 
in natural resistance. Splenectomy, treatment with benzol,® or X 
ray irradiation " — all of which materially depress the function of 
the reticulo-endothelial system — have been reported to lower the 
resistance of hamsters to experimental infection with Leiskmania 
donovani. On the other hand, the removal of the spleen is said not 
to enhance the susceptibility of mice to experimental infections.’® 
Splenectomy is often resorted to in man, however, as a therapeutic 
measure, since early in an infection parasites collect in the spleen 
and can be removed en masse along with that organ.” 

ACQUIRED IMMUNITY 
RESISTANCE TO REINFECTION 

Human beings who have recovered from either kala azar or ori- 
ental sore are considered immune to reinfection, since second at- 
tacks are seldom encountered. Recent experimental studies upon 
the cutaneous infection have confirmed this view, and the inocula- 
tion of hidden parts of persons in endemic areas is recommended as 
a precautionary measure against later facial lesions.’- Among ex- 
perimental animals, mice appear to acquire little or no immunity by 

^•L. E. Napier, R. O. A. Smith, and K. V. Krishnan, Indian J. M. Research, 21: 
1553 (1934). 

' D*OeIsnitz, Btdl. el mem. Soc. mid. hop. de Paris, 50th yr., 409 (1934). 

** C. W. Wang and H.-L. Chung, Proc. Soc. Exper. Biol. & Med., 44: 35 (1940). 

” H.-L. Chung, C. W. Wang, and C.-L. Hsu, unpublished experiments. 

K. V. Krishnan, Ind. Med. Res. Mem., Supp. Ser. to Indian J. M. Research, 
No. 25, 109 (1932). 

“ P. Timpano, Policlinico, 37: 1710 (1930). 

D. A. Berbcrian, Tr. Roy. Soc. Trop. Med. & ^lya , 33: 87 (1939). 
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recovery from an earlier infection with Leishmania tropica,^^ al- 
though dogs do experience some enhancement of resistance. Mon- 
keys, on the other hand, become rather highly resistant to a second 
infection, thus resembling man.’"* Some cross immunity seems to 
occur between kala azar and oriental sore. For example, a dog 
which is immune to kala azar resists the parasites of oriental sore, 
and a monkey recovered from oriental sore is partially resistant to 
those of kala azar.’® Likewise, Chinese hamsters which have been 
cured of Leishmania donovani infection by neostibosan are immune 
to the dog form, Leishmania canis}^ Whether a latent infection 
must persist in order that immunity continue in recovered animals 
or man has not been determined. 

ANTIBODY PRODUCTION 

Antibody is produced rath er poor ly in leishmania infections. The 
pr esehcF' Of^hF jaraSte. in the haemopoietic tissues t hemselves, 
where antibody is believed formed in large amount, may be chiefly 
responsible for this, since the parasites may so damage the tissue 
that antibody production cannot proceed normally. Such a point of 
view is supported by the observation that persons with kala azar 
produce antibody poorly to other introduced antigens (for example, 
triple typhoid vaccine) , compared with normal persons, resembling 
in this respect persons with myelogenous leukaemias.’’’ Some in- 
vestigators, however, are unable to confirm this finding.’* Antibody 
is usually formed in patients in an amount sufficient to be detected 
by the complement fixation test. In addition a leishmanicidal anti- 
body also occurs in the serum of patients, which inhibits the growth 
of the specific leishmanias in cultures to which the serum is added. 

PASSIVE IMMUNITY 

Attempts passively to transfer immunity have not been success- 
ful in the leishmaniases. Only very few such attempts have yet been 
made, however, because the comparatively poor antibody produc- 

A. Laveran, Bull. Soc. path, exal., 8: 680 (191S). 

'‘A. Laveran, Compi. rend. Acad, de Sc., 165: 306, 1918, and Bull. Soc. path 
exot., 11: 130 (1918). 

C. Nicollc and L. Manceaux, Ann. Inst. Past., 24: 673 (1910). 

H.-L. Chung and C. W. Wang, Chinese M. J., 56: 519 (1939). 

H.-L. Chung and H. A. Reimann, Arch. Int. Med., 46: 782 (1930). 

G. Murano and F. Vccchio, Pediatria, 47 : 861 (1939). 
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tion in these diseases coupled with the meager evidence for active 
immunity after recovery from infection suggests that attempts at 
passive transmission are almost certainly doomed to fail. Serum 
prepared in rabbits repeatedly injected with cultures of Leishmania 
donovani has not been successful in treating experimental infec- 
tions in hamsters, although the disease is somewhat prolonged by 
such treatment.^® 

MECHANISM OF IMMUNITY 

Immunity in the leishmaniases depends on the presence of both 
phagoc ytic ce lls and spedfic ^dbody^in the bl ood and tissu es. A 
histio^ e response is o ne of the most characferistic reactions in 
kala azar, an increase in histiocytes occurring particularly in the 
spleen and its sinusoids. The presence of large numbers of mono- 
cytes in the peripheral blood is an especially favorable prognostic 
sign, since an increase in these cells is usually coincidental with the 
development of specific antibody. It is only when antibody is pres- 
ent in the blood and fixed tissues that the protective cells can ade- 
quately perform their phagocytic function.®" The maximum defen- 
sive effort of the patient or animal requires, then, tne cooperation 
of both the humoral and the cellular defense agencies. 

PROPHYLAXIS 

Efforts to protect animals against Leishmania donovani through 
administering killed cultures, living avirulent organisms, or living 
virulent organisms have been so regularly unsuccessful that they 
have not been employed in man. In oriental sore, however, prophy- 
laxis through injecting virulent living organfsnis has long been 
practised, although the use of controlled methods of vaccination 
for this purpose is still in its experimental stages.®® One authority 
believes, chiefly from results obteuned upon himself, that immunity 
acquired through prophylactic vaccination endures for about seven 
years.®* Experimental studies with Leishmania tropica vaccine in 

B. Malamos, Arch. f. SchiSs- «. Tropen-Hyg., 41: 416 (1937). 

L. E. Napier, K. V. Krishnan, and C. Lai, Indian M. Gas., 68: 7S (1933). 

21 T. J. Kurotchkin, Nat. Med. J. China, 17: 458 (1931) ; B. Malamos, Arch. f. 
Schiffs- u. Tropen-IIyg., 41: 416 (19.^7). 

22 A. P. Lawrow and P. A. Dubowskoj, Arch. f. Schiffs- u. Tropen-Hyg., 41: 374 
(1937). 

23 E. I. Marzinowsky, Bidl. Soc. path, exot., 21: 638 (1928). 
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Macacus monkeys, however, do not support very strongly the 
injection of either killed, avirulent, or fully virulent organisms as a 
prophylactic measure.®^ Nevertheless, the inoculation of man with 
living virulent organisms is recommended for prophylaxis in en- 
demic areas. 

The successful use of a phenolated Leishmania tropica vaccine 
for the cure of oriental sore has recently been reported. A series of 
injections of the vaccine was considered by one investigator to have 
cured ISl cases out of 187 treated, and definite improvement was 
noted in twenty-four of the remainder.*® Whether or not this effect 
was of a specific character was not established. 

DIAGNOSIS 

The implement fixation test is a fairly accurate means of diag- 
nosing human infection with the leishmaniases and is useful partic- 
ularly when the parasites themselves cannot be seen by direct pro- 
cedures.-® In one study, involving 132 known cases of kala azar, 
none gave a negative reaction, whereas among seventy-five controls, 
only six patients — and all of these with pulmonary tuberculosis — 
were positive.*'^ In experimental canine infections, however, results 
with the test are often irregular.-® Confusion sometimes occurs in 
human cases because the patient tested also has a positive Wasser- 
mann reaction, although when the leishmania antigen is prepared 
from cultures -® rather than from heavily infected organs, this dif- 
ficulty can largely be avoided.®® A “reverse” complement fixation 
test has also been devised, the leishmania antigen being detected in 
the patient’s serum with antibody coming from a rabbit repeatedly 
injected with cultures of Leishmania donovani.^^ The method has 
not as yet been extensively applied. 

Skin tests can be elicited in patients with leishmaniasis, cultures 
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2® A. M. da Cunha and E. Dias, Compt. rend. Soc. de biol., 129: 991 (1938). 

S. D. S. Greval, P. C. Sen Gupta, and L. E. Napier, Indian J. M. Research, 
27: 181 (1939). 

=®P. Zdrodowski and B. Woskressenski, Bull. Soc. path, exot., 23: 1028 (1930). 

2® A. M. da Cunha and E. Dias, Brasil-med., S3: 89 (1939). 

®®A. Gcorgiewsky, PensSe Med. d’Vsbekistane, No. 3: 80 (1927); R. B. Lloyd, 
L. E. Napier, and G. C. Mitra, Indian J. M. Research, 17; 9S7 (1930). 

®‘L. Nattan-Larricr and L. Grimard-Richard, Compt. rend. Soc. de biol., 113: 
1489 (1933) ; and Bull. Soc. path, exot., 28; 658 (1935). 
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of the causal organisms serving as antigen.*- Generally, better re- 
actions to Leishmania donovani antigen occur in kala azar than in 
oriental sore; the reverse is true with Leishmania tropica antigen.** 
Nevertheless, the skin response in leishmaniasis seems always to be 
definitely a group reaction, persons with South American leishman- 
iasis reacting even to Trypanosoma equiperdum antigen.®'* Skin 
reactions involving leishmania antigens were first elicited in rabbits 
which had been injected with cultures of Leishmania donovani and 
Leishmania tropica:'^ 

The Rieckenberg adhesin test has been tried with limited success, 
especially for the diagnosis of oriental sore.*® It seems not to serve, 
however, in canine leishmaniasis.*^ 

G. Buss, Arch. f. Schifjs- n. Tropen-Hyg., 33: 65 (192 y) ; A. Dostrovsky, Ann. 
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chapter XI 

THE TRYPANOSOMIASES 


C OMPARATIVELY LITTLE of OUF knowledge of the immunology of 
trypanosomiasis has been learned directly from the human 
infections with trypanosomes. The principles which are established 
from the extensive studies of the animal trypanosomiases, however, 
probably often apply as well in the human diseases. Because the 
trypanosomes of man also infect many animals, some of the ex- 
perimental studies in animals have employed the human parasites, 
although many other investigations have been concerned with spe- 
cies of trypanosomes which occur naturally only in animals. Thus 
far practically all the available information upon immunity in 
trypanosomiasis has involved representatives of three groups of 
trypanosomes: (1) the pathogenic trypanosomes, (2) the natural 
trypanosomes of rodents, and (3) the trypanosome of man in South 
America. 


The Pathogenic Trypanosomes 

Four groups of the pathogenic trypanosomes are generally recog- 
nized — namely, the hrticei, congolcnse, vivax, and cvansi groups. 
The type species of these groups are, respectively. Trypanosoma 
brucei, Trypanosoma congolensc, Trypanosoma vivax, and Tryp^ 
anosoma cvansi. A number of species are found in each group. 
Thus, Trypanosoma gambiense and Trypanosoma rhodesiense (the 
human trypanosomes of ATricaT are included in the brucei group. 
Trypanosoma simiac is placed in the congolensc group. Trypano- 
soma caprac and Trypanosoma uni for me are found in the vivax 
group, and Trypanosoma cquipcrdum, Trypanosoma hippicum, and 
Trypanosoma equinum in the evansi group. 

The criteria for the classification of the pathogenic trypanosomes 
are in part morphologic characters and in part the elements of the 
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life cycle in the invertebrate host.' However, the individual species 
as well as the several groups can also be differentiated through im- 
munologic methods (see Chapter XVIII). 

NATURAL RESISTANCE 

HOST RESTRICTION 

Of all the pathogenic trypanosomes those of the brucei group 
have the broadest potential host range. The type species, Trypano- 
soma brucei, for example, will establish itself in representatives of 
practically all orders of mammals and survives for a time also in 
some birds. The host range of the human members of this group 
(Trypanosoma gambiense and Trypanosoma rhodesiense) is about 
as great as that of Trypanosoma brucei. The Rhodesian parasite, 
for example, has been reported also to persist briefly in fowls.- 

Species of trypanosomes in the other groups have more limited 
host range than those of the brucei group. Members of the congo- 
Icnsc group, for example, infect only ungulates, carnivores, rodents, 
and certain monkeys, and those of the vivax group are confined 
almost exclusively to the ungulates and certain carnivores. The 
evansi group enjoys a somewhat wider host choice, although even 
so its choice is narrower than that of the brucei group of trypano- 
somes. The type species of the evansi group. Trypanosoma evansi, 
for example, is known to infect only ungulates, carn'vores, rodents, 
and certain primates, as well as the elephant. 

FACTORS INFLUENCING NATURAL RESISTANCE 

Various factors influence the natural resistance of hosts to tryp- 
anosomes, although the specific roles of the separate factors is as 
yet poorly understood. With the pathogenic trypanosomes infec- 
tion leads almost invariably to death unless interrupted by specific 
treatment. On the other hand, when an animal is naturally com- 
pletely resistant to a given species, little can be done to render it 
susceptible. 

Age and sex. — Age and sex are not very significant factors in the 
natural resistance of animals to the pathogenic trypanosomes. Usu- 
ally, if an animal species is susceptible at all, either sex can be 

^ C. M. Wenyon, Protozoology, New York, WiMiam Wood (1926). 

= E. Roubaud and A. Provost, Bull. Soc. path, exot., 32: 807 (1939). 
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infected at any age. However, very young rats often survive infec- 
tion with these forms for a few days longer than older animals, sug- 
gesting a kind of reverse age resistance in these infections.® 

Diet. — ^The diet, which plays a prominent role in natural resist- 
ance against some other types of parasitic infection, has not yet 
been shown to have equal importance in the trypanosomiases. The 
general plane of nutrition does not affect the resistance of cattle to 
Trypanosoma congolense,* although pigeons are rendered suscep- 
tible to Trypanosoma brucei by starvation.® Vitamin A does not 
affect the resistance of rats to Trypanosoma brucei,’^ although the 
administration of vitamin C enhances the resistance of guinea pigs 
to Trypanosoma equiperdum? The carbohydrate level of the blood 
appears to be of considerable importance, for more intense infec- 
tions and earlier death from Trypanosoma cquiperdum occur in 
guinea pigs given sugar,® whereas life is prolonged and the infec- 
tion sometimes aborted by injections of insulin.® Copper added to 
the diet is said to protect guinea pigs against Trypanosoma equiper- 
dum.^^ The administration of alcohol to mice for one or two weeks 
before infection with Trypanosoma gambiense is said to hasten 
their death.^^ 

Intercurrent infection . — In double trypanosome infections one 
species often interferes with another. Trypanosoma brucei sup- 
presses Trypanosoma congolense in rats and mice, but in cattle 
Trypanosoma congolense is the dominant form.^® Double infec- 
tions of Trypanosoma brucei and Trypanosoma lewisi in rats cause 
no change in the course of either parasite,’® but Trypanosoma gam- 
biense and Trypanosoma duttoni given simultaneously to mice re- 
sult in intense and fatal infections with both forms.’* 
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An apparent antagonism between malaria and trypanosomiasis 
is sometimes noted, particularly in young children. Children below 
three years of age in Africa are rarely infected with trypanosomes, 
although they suffer intense and frequent malaria infections.’® 
Likewise, prior or simultaneous infection of mice with spirochetes 
often appears to enhance resistance to trypanosomiasis.’® 
Reticulo-endothelial system . — Practically all the studies carried 
out thus far to determine the importance of the reticulo-endothelial 
system in natural resistance to the pathogenic trypanosomes have 
consisted in determining the effect of splenectomy. Sometimes no 
effect seems to follow splenectomy,” but usually resistance is de- 
pressed by the operation.’* 

Other factors. — Exposing rats to low emironmental tempera- 
tures after infection with Trypanosoma brucei is said to prolong 
the infection, the natural resistance to this parasite thus being en- 
hanced.’® 


ACQUIRED IMMUNITY 
RESISTANCE TO INFECTION 

Most species of animals do not recover from an initial untreated 
infection with the pathogenic trypanosomes. Sheep and goats, how- 
ever, are conspicuous exceptions to this rule. After a prolonged in- 
fection, lasting about two years, these animals recover from initial 
infections with Trypanosoma brucei, Trypanosoma cvansi, or 
Trypanosoma congolense, and for several years thereafter resist re- 
infection with the homologous parasite. The immunity acquired is 
absolutely specific. Similarly the acquisition of resistance after re- 
covery from infection has been reported in cattle with Trypano- 
soma congolense as well as in Cercopithecus monkeys with Tryp- 

R. E. Barrett, Tr. Roy. Soc. Trap. Med. & Hyg., 2S: 191 (1931). 
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110 THE TRYPANOSOMIASES 

anosoma gambiense.-' Immunity to reinfection is manifested also 
by animals which have been cured of an initial infection by drugs. 
In infected mice which have been treated with arsacetin, the im- 
munity to reinfection with Trypanosoma brucei reaches its peak in 
about ten days, and sometimes completely protects the animals for 
several weeks thereafter 

Premunition . — ^Animals immune to reinfection with the patho- 
genic trypanosomes sometimes retain the initial infection in latent 
form. Cattle acquire a tolerance of the parasite if treated early with 
suitable drugs, and thereafter survive for long periods in endemic 
areas in spite of reinfection.-* They are said also to acquire such a 
tolerance after very small numbers of virulent trypanosomes are 
inoculated.** Usually the organisms are recoverable in small num- 
bers from the blood throughout the resistant period. 

ANTIBODY PRODUCTION 

Animals vary greatly in their capacity to produce antibody after 
infection with the pathogenic trypanosomes. The rat and mouse 
form none at all against any of these parasites and are quickly 
killed by them, suffering overwhelming blood stream infections. 
The guinea pig and many other animals, on the other hand, pro- 
duce a lytic antibody which — although not interfering with the re- 
production of the trypanosomes — finally destroys most of the para- 
sites against which it is specifically developed. Generally a few 
parasites escape the effects of this lysin, however, after undergoing 
some degree of biologic alteration, and continue to propagate them- 
selves as a new relapse strain of parasite which is resistant to the 
original lysin. In a few days a second lysin is developed which de- 
stroys the majority of the organisms of the relapse strain. A suc- 
cession of relapses may occur, with a specific and distinct lysin 
being developed in turn to each of the relapse strains of trypano- 
somes. No limit is known for the number of crises and relapses 
which may occur, but, finally, after its forces of resistance are ex- 
hausted, the animal succumbs to the infection.*^’ Different relapse 

21 P. Le Guc, Bull. Soc. path, exot., 24: 372 (1931). 
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strains of the same parent strain of trypanosome once more re- 
semble each other closely, however, after passage through the fly 
vector.-*’ The production of relapse strains is said to be suppressed 
by the administration of germanin to infected animals.-’ 

PASSIVE IMMUNITY 

The passive transfer of immunity in the pathogenic trypanosomi- 
ases is largely an academic problem, for neither serum prophy- 
laxis nor serum therapy is used in these diseases. The chief use of 
studies on passive transfer has consisted in demonstrating the dis- 
tinction immunologically between the relapse strains of trypano- 
somes as seen in guinea pigs, and the specificity of the action of the 
lysins developed to each strain. The determinations are made for 
the most part in mice, which themselves neither produce antibody 
to the trypanosome nor cause any variation in the organism, the 
mouse thus serving as a kind of test tube in which the lytic effect 
can be studied. 

MECHANISM OF IMMUNITY 

The acquired immunity against the pathogenic trypanosomes 
operates chiefly through the action of the lytic antibody of the 
scrum, which destroys the circulating trypanosomes after they are 
formed. The antibody does not affect the rate of the trypanosome 
reproduction. At the time of crisis the complement titer of the 
serum of the infected animal is about one-third or one-fourth the 
normal value.-® 

The effective antibody probably has its origin largely in the 
reticulo-endothelial system, although thus far there is little proof 
for this.-”' An increase in the number of monocytic cells occurs soon 
after infection and may help to account for the antibody produc- 
tion."** Antibody production is less in young animals, this deficiency 

J. C. Broom and H. C. Brown, Tr, Roy. Soc. Trop. Med. & Hyg., 34: S3 (1940). 
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probably explaining the more frequent relapse seen in young ani- 
mals after chemotherapy.-'" 

PROPHYLAXIS 

The resistance of experimental animals to the pathogenic trypa- 
nosomes can be enhanced by vaccination with dead trypano- 
somes.®- Usually complete protection is not afforded by vac- 
cination, although vaccinated animals generally live longer than 
untreated animals.-®® Such resistance as is developed by vaccination 
is absolutely specific.®^ 

Vaccines have been prepared by various methods. Sometimes the 
trypanosomes are killed by incubation in the refrigerator in sa- 
line,®® by treatment with parabenzoquinone,®" or by treatment with 
bile.®^ Purified lipoid or protein fractions of the pathogenic tryp- 
anosomes — for example. Trypanosoma cvansi — are not effectual 
as vaccine in prophylaxis.®® 

In endemic areas cattle can be protected by inoculating very 
small doses of living trypanosomes (Trypanosoma brucei), not 
more than fifty organisms generally being introduced.®" Animals so 
treated live longer than untreated animals, but eventually succumb 
to the infection.-*" 

The greatest difficulty with all the biologic methods of prophy- 
laxis follows from the fact that immunization with one strain will 
not protect against infection with any of the other species or im- 
munologically distinct strains of pathogenic trypanosomes which 
exist in nature. As yet it appears impracticable to prepare a poly- 
valent vaccine which would be effective against all such species and 
strains. 
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DIAGNOSIS 

The method of choice for the diagnosis of the pathogenic tryp- 
anosomiases is the detection of the causal organism in the blood, 
lymph gland juice, or spinal fluid. Many attempts have been made, 
however, to diagnose them by serological reactions.^ Trypanosoma 
equiperdum infection (dourine) of horses has been most exten- 
sively studied, and a fair measure of success has been attained, par- 
ticularly with the complement fixation test. Comparatively little 
value is yet attached to these tests in diagnosing human trypano- 
somiases. 

A thermoprecipitation test for antigen has also been described in 
experimental trypanosomiasis. Extracts of various organs and tis- 
sues of rats, guinea pigs, and rabbits infected with Trypanosoma 
equiperdum contain an antigen reactive with the serum of recov- 
ered animals. The antigen is of protein character, although it is 
commingled with a carbohydrate. It occurs in largest amount in 
tissues active in blood formation and blood destruction.*^ 

An in vitro reaction known as the red-cell adhesin test has been 
developed in recent years for the diagnosis of human trypanosomia- 
sis, and from the application made thus far, appears especially 
promising. It is a specific serological test in which a suspension of 
trypanosomes, human red cells, complement, and serum from the 
patient suspected of trypanosomiasis are incubated together. In 
positive cases the red cells are caused to adhere firmly to the tryp- 
anosomes.*"* The red cells serve merely a passive role, however, 
since the cells of other primate animals can be substituted for the 
human erythrocytes. 

The Nonpathogenic Trypanosomes of Rodents 
Many immunological studies have been performed with the nat- 
ural trypanosomes of rodents, although most of these are concerned 
with Trypanosoma leivisi in rats or Trypanosoma duttoni in mice. 

C. Richet and G. Antoine, Bull, Acad. Mid., 122: 471 (1939). 
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Recently, a natural trypanosome of the Florida cotton rat, Tryp- 
anosoma sigmodoni, has also been studied immunologically. 

NATURAL RESISTANCE 

HOST RESTRICTION 

The nonpathogenic trypanosomes of rodents differ sharply from 
the pathogenic forms in host range, since they are generally re- 
stricted to very few closely related hosts. Trypanosoma lewisi, the 
type species of the lewisi group, for example, occurs in the rat and 
can be inoculated to the guinea pig, but will infect no other animal. 
Other members of the lewisi group are also confined strictly to their 
natural hosts, usually infecting no other animal even within the 
same order. The natural trypanosomes of chiropterans and eden- 
tates also have a narrow host range. 

FACTORS INFLUENCING NATURAL RESISTANCE 

Age. — If an animal is susceptible at one age to infection with 
the rodent trypanosomes, it can generally be infected at any age. 
However, susceptible animals often manifest a relative resistance 
as they grow older. This “age resistance,” which has been discussed 
at some length in Chapter III, is seen in rodent infections such as 
that of rats with Trypanosoma lewisi.*^ Young rats are usually 
killed by these parasites, many organisms developing in the blood, 
whereas older rats usually survive and experience relatively mild 
infections. Similarly, young mice suffer distinctly heavier infec- 
tions with Trypanosoma duttoni than do older mice.'"’ From this 
it is obvious that age is significant in the natural resistance to these 
parasites. 

Sex . — ^No difference in natural resistance to the nonpathogenic 
trypanosomes is known to be related to the sex of the host. 

Intercurrent injection . — The effects of an intercurrent infection 
on the course of the nonpathogenic trypanosomiases is compara- 
tively slight,^® although some evidence for an effect has been re- 
ported. Rats with Bartonella infection or with other disabling con- 

■“ C. A. Herrick and S. X. Cross, J. Parasitol., 22: 126 (1936) ; C. J. Duca, Am. J. 
Ilyg., 29: 2S (1939, sec. C). 
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203 (1935). 



THE TRYPANOSOMIASES 115 

ditions, such as paratyphoid infection, suffer after splenectomy 
more severe infections with Trypanosoma Icwisi than do rats with- 
out these intercurrent infections."^ In mice Trypanosoma duttoni 
may cause intense or even fatal infections if the animals suffer also 
with Trypanosoma gambimse.^^ 

Reticulo-cndothclial Most of the studies designed to 

show the significance of the reticulo-endothelial system in natural 
resistance to the nonpathogen ic trypanosomes have involved the 
removal of the spleen. Rats and guinea pigs are not rendered more 
susceptible to Trypanosoma lewisi by splenectomy than normal 
animals,"'* but splenectomized mice suffer heavier infections with 
Trypanosoma duttoni than normal mice.*^‘* Harvest mice can even 
be infected with Trypanosoma lewisi if their spleens be extir- 
pated."'^ 


ACQUIRED IMMUNITY 
RESISTANCE TO REINFECTION 

Once animals recover from infection with the nonpathogenic 
trypanosomes, they are immune to reinfection. The immunity is 
particularly durable, probably lasting for the life of the animal. 
The acquisition of immunity through recovery from an initial in- 
fection has been demonstrated conclusively in the case of rats 
infected with Trypanosoma lewisi and of mice infected with Tryp- 
anosoma duttoni. The cotton rat also acquires immunity by re- 
covery from a natural infection with Trypanosoma sigmodoni. 
Albino rats which have recovered from an experimental infection 
with Trypanosoma sigmodoni are thereafter resistant to Trypano- 
soma lewisi:^- 

Premunition. — The immunity acquired by recovery from the 
trypanosomes of the lewisi group is complete and absolute, not re- 
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quiring the persistence of the infection in latent form. Blood taken 
from recovered animals does not reveal the parasite by micro- 
scopic examination, and culture media or animals inoculated with 
such blood remain sterile. 

ANTIBODY PRODUCTION 

Two antibodies are produced by rats after infection with Tryp- 
anosoma lewisi. One of them is a lytic substance similar in func- 
tion to the antibody elaborated by guinea pigs after infection with 
pathogenic trypanosomes. The other, known as an ablastin, has 
primarily the property of inhibiting the reproduction of the tryp- 
anosomes but also probably the capacity to destroy by lysis imma- 
ture trypanosomes present when it appears. The ablastin appears 
comparatively early in the course of the infection, usually about 
the fifth or sixth day, and gradually increases in concentration dur- 
ing the ensuing days. It declines in concentration after all the para- 
sites have finally disappeared, but is believed to persist in small 
amount for the remaining life of the rat and to account for the 
resistance of the animal to reinfection. The lytic antibody appears 
rather explosively only after the infection has gone on for some 
time and lyses almost at once all the trypanosomes then in the 
blood. A few days later it disappears from the blood, although it 
can be recalled by reinfecting the rat or by inoculating a vaccine 
prepared of the homologous organisms. 

Antibodies entirely similar to those in rats against Trypanosoma 
lewisi are produced in mice infected with Trypanosoma duttoni:’-' 
The duttoni infection, however, progresses more slowly and usually 
does not attain the intensity characteristic of Trypanosoma lewisi 
in the rat. The ablastin generally appears between the tenth and the 
fifteenth day of the Trypanosoma duttoni disease, and the lysin 
often is developed only after six or eight weeks. Probably other 
species of nonpathogenic trypanosomes also produce similar anti- 
bodies, although no information is yet available concerning them. 

PASSIVE IMMUNITY 

The serum from animals which have recovered from infections 
with the lewisi group of trypanosomes after transfer to normal ani- 

W. H. Taliaferro, J. Immunol., 35: 303 (1938). 
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nals will protect them against infection with the homologous para- 
iite. This is well established in the case of Trypanosoma lewisi 
nfection of rats and has recently been shown also for Trypanosoma 
iuttoni of mice and for Trypanosoma sigmodoni of the cotton 
rat."® A considerable group specificity occurs in the action of the 
serum, for a.nti-lewisi rat serum will also protect mice against Tryp- 
inosoma duttoni, and onti-duttoni mouse serum will protect rats 
against Trypanosoma lewisi:"' 

MECHANISM OF IMMUNITY 

Immunity against trypanosomes of the lewisi group depends al- 
most exclusively on the function of the two serum antibodies (an 
ablastin and a lysin), although possibly phagocytic cells or other 
elements of the reticulo-endothelial system play a small role. The 
ablastin antibody checks the propagation of the parasite and lyses 
the younger immature forms, thus causing the sharp drop in para- 
site number usually seen about the seventh day of the infection. 
The lytic antibody terminates the infection, eliminating all the 
surviving parasites. Studies on passive immunity have indicated 
strongly that the serum alone is capable of conferring protection to 
an animal, for rats which are splenectomized and blockaded with 
India ink are about as well protected by the serum as are normal 
rats.®^ 

PROPHYLAXIS 

Rats can be rendered immune to Trypanosoma lewisi and mice 
can be protected against Trypanosoma duttoni-'" by the repeated 
injection of a killed suspension of the homologous parasites. Ap- 
parently the reaction is one with group specificity, for mice also 
can be protected against Trypanosoma duttoni by prior injections 
of the lewisi vaccine. The antigen for prophylactic vaccination 
has been prepared in different ways by various investigators. The 

«* W. H. Taliaferro, J. Immunol, 3S: 303 (IWS). 
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formolization of concentrated cultures or of trypanosomes isolated 
from the blood of heavily infected animals generally provides a 
good vaccine and is a comparatively simple procedure.®® 

DIAGNOSIS 

Immunological procedures are not usually invoked in diagnosing 
the trypanosomiases caused by members of the lewisi group, be- 
cause the parasites themselves can be observed easily in blood by 
the microscope. Complement-fixing and agglutinating antibodies 
are nevertheless produced.®^ 

The Trypanosome of Man in South America, 
Trypanosoma Cruzi 

natural resistance 


host restriction 

Trypanosoma cruzi, although found in man and in some other 
primates, is probably a natural parasite of lower orders of mam- 
mals. It infects a broad range of host, including rodents, carnivores, 
chiropterans, marsupials, and edentates, besides the primates.®- 
It is not infective for birds or for cold-blooded animals.®’* The para- 
site will survive in fowl embryos for about one week.®^ 

factors influencing natural resistance 

Age . — Older individuals are more resistant to Trypanosoma 
cruzi than are younger individuals. This is seen both in natural in- 
fections of man and in experimental infections of rodents. Young 
children, for example, suffer intense and frequently fatal infections, 
whereas older persons experience a chronic form of disease. Young 
mice and. rats quickly succumb to infection, whereas those near 
mating age suffer but little, if any, and often do not reveal the para- 
site in their blood stream.®® 
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Other factors. — ^The natural resistance of rats and mice to Tryp- 
anosoma cruzi is not altered by splenectomy."® Resistance is de- 
pressed by exposing the animals to a low environmental tempera- 
ture.®'^ 


ACQUIRED IMMUNITY 
RESISTANCE TO INFECTION 

Animals which have recovered from an infection with Trypano- 
soma cruzi are immune to reinfection with the same parasite.®® 
Usually the initial infeaion persists" in latent form for at least sev- 
eral months after the animal has recovered from the acute phase 
of the infection,®® and the presence of the parasite may be responsi- 
ble for the resistance which the host manifests, although no proof 
of this point has yet been offered. 

PASSIVE TRANSFER 

Serum from rats recovered from Trypanosoma cruzi infection 
will protect normal rats from the homologous parasite.^® The serum 
must be injected prophylactically to be effective. When the serum 
is given therapeutically, little benefit ensues. 

MECHANISM OF IMMUNITY 

The mechanism of acquired immunity to Trypanosoma cruzi is 
still ob.scure. Some investigators doubt that the retici.lo-endothelial 
system plays any part in immunity to Trypanosoma cruzi,’’ al- 
though the spleen characteristically is enlarged and a rise occurs 
in the number of monocytic cells during Trypanosoma cruzi in- 
fections.'^® 


PROPHYLAXIS 

As yet neither persons nor animals have been successfully pro- 
tected against Trypanosoma cruzi by vaccination. 
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DIAGNOSIS 

The complement fixation reaction is useful for the diagnosis of 
Chagas’s disease, it being called in this infection the “ Machado 
reaction.” The test has been used in diagnosis with considerable 
success.'^'' The antigen can be prepared from heavily infected hearts 
of puppies or, more satisfactorily, from pure cultures of the or- 
ganism.'^’’* The serum of infected animals will agglutinate formo- 
lized cultures of Trypanosoma cruzi and will precipitate extracts 
of such cultures.*'® 

Additional Immunological Subjects 

TRYPANOTOXINS 

For many years the production of trypanotoxins — toxins pecul- 
iar to the pathogenic trypanosome infections — ^has been postulated. 
Trypanotoxins were believed to be of the character of endotox- 
ins, originating within the trypanosome body, and being liber- 
ated into the plasma where the parasites were lysed or otherwise 
destroyed. Presumptive evidence for the development of toxins in 
the trypanosomiases follows from the fact that in most natural 
infections with the pathogenic trypanosomes — for example, human 
infection with Trypanosoma gambicnsc and Trypanosoma equipcr- 
dum infection (dourine) of the horse — comparatively few trypano- 
somes are demonstrable in the blood at any time, even though the 
clinical symptoms are those suggesting a generalized toxemia.'^'' 
Furthermore, when the blood of heavily infected rats or mice is 
transferred to corresponding normal animals, somnolence some- 
times occurs, and death follows after two or three days. Compara- 
tively recently the rabbit cornea has been found to be peculiarly 
susceptible to injections of the substance of Trypanosoma gambi- 
ense and Trypanosoma equipcrdum, this presumably containing 
trypanotoxins. The corneas of previously vaccinated animals or 

"‘’W. Minninp;, Arch. f. Schiffs- u. Tropen-Hyg., 39: 315 (1935); R. A. Reiser, 
Am. J. Trop. Med., 17: 385 (1936) ; C. M. Johnson and R. A. Reiser, Am. J. Trop. 
Med., 17: 385 (1937) ; J. G. Lacorte, Acta Med. Rio de Janeiro, 1: 264 (1938). 

W. Minning, Arch. f. Schiffs- u. Tropen-Hyg., 39: 315 (1935). 

R. A. Reiser, Am. J. Trop. Med., 16: 405 (1936). 

A. Packchanian, J. Immunol., 29: 84 (1935) ; Pub. Health Rep., 55: 2116 (1940). 

G. Ledentu, Bull. Soc. path, exot., 21: 544 (1928); P. Regendanz, Arch. /. 
Schiffs- u. Tropen-Hyg., 37: 196 (1933). 
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animals injected with an antitrypanosome serum are less suscepti- 
ble to the action of the toxin, thus suggesting that a true toxin in 
the strict immunological sense (that is, in eliciting antitoxin) is 
produced by these pathogenic trypanosomes.''* 

The majority of investigators at the present time, however, ques- 
tion that trypanosomes produce a toxin. Those few workers who 
have described such substances have found their repeated demon- 
stration exceedingly difficult. It seems possible that the apparent 
toxic conditions of infected animals is actually explained on a dif- 
ferent basis, for example, by an altered blood chemistry. It has long 
been known that in experimental rat infections with the pathogenic 
trypanosomes there is terminally a reduced blood sugar, and re- 
cently a definitely elevated serum potassium has been described.''* 
Death from these infections in rodents bears such marked resem- 
blance physically to death from hypoglycaemic shock or potassium 
poisoning that these conditions rather than trypanotoxins may be 
the cause of the fatal end in trypanosomiasis. 

TRYPANOCIDAL ACTION OF NORMAL SERUM 

The normal serum of several animals has a peculiar antagonistic 
action on certain species of trypanosomes. The property is mani- 
fested by sheep serum as well as rat serum on Trypanosoma duttoni 
of the mouse.*" By far the most completely studied example, how- 
ever, is the action of the serum of man and of certain other primates 
upon the pathogenic trypanosomes. Human serum destroys prac- 
tically all the pathogenic trypanosomes with the exception of those 
found in man, Trypanosoma gambiense and Trypanosoma rhodesi- 
ense. After the latter species has been passed repeatedly through 
laboratory rodents it, too, becomes susceptible to human serum, 
but Trypanosoma gambtensc retains its natural resistance for years 
after residence in animals. Neither the trypanosomes of the lemsi 
group nor Trypanosoma cruzi are susceptible to the effects of the 
primate serums.®' 

The action of the trypanocidal serums is direct and occurs both 

Tokura, Igaku Keukyn, 9: 14 (1935). 

R. L. Zwemer and J. T. Culbertson, Am. J. II yg., 29: 7 (1939, see. C) . 

Thiroux, Compt. rend. Acad, de sc., 149: 534 (1909); W. H. Taliaferro, 
J. Immunol., 35: 303 (1938). 

J. T. Culbertson, Arch. Pathol., 20: 767 (1935). 
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in the animal body and in vitro. The substance in the serum re- 
sponsible for the action is highly labile, being inactivated by pro- 
longed storage, by heat, or by other agencies which inactivate com- 
plement.®^ The trypanocidal substance is found in the globulin 
fraction of the serum and is antigenic.®® Susceptible strains of tryp- 
anosomes can be rendered resistant to the action of the serum in 
about the same manner in which they can be made fast to specific 
drugs. 

The trypanocidal substance is absent, or present in reduced 
amount, in the blood of persons with various liver disorders (amoe- 
bic abscess; icterus), in certain dietary deficiency diseases of chil- 
dren, and in hemophilia. It usually occurs in decreased concentra- 
tion in the blood of young children and is absent from the child at 
birth. 

Since human serum acts only on the pathogenic trypanosomes 
of animals, not on those Infective for man, the trypanocidal action 
of human serum appears to account for the natural resistance of 
man to the animal forms. The point is debatable, however, for man 
remains resistant to the animal trypanosomes even after these are 
made fast to human serum. Furthermore, man is not infected with 
the trypanosomes of the lewisi group which naturally resist his 
serum.®^ 

NATURAL TRANSFER OF RESISTANCE FROM MOTHERS 
TO YOUNG 

Immune mother animals transmit to their young specific re- 
sistance against homologous trypanosomes. Some evidence for this 
was presented several years ago by Schilling and his co-workers, 
who pointed out that very young game animals in Africa are some- 
what resistant to the pathogenic trypanosomes. They believed the 
young acquired their resistance after birth, parasiticidal antibodies 
reaching the young in the mother’s milk.®° 

The question has since been carefully studied in detail with the 
non-pathogenic group of trypanosomes. Specific protective sub- 

J. T. Culbertson and P. S. Strong, Am. J. Hyg., 21: 1 (1935). 

B. Handler, Am. J. Hyg., 21: 18 (1935). 

J. T. Culbertson, Ann. Trop. Med., 28: 93 (1934). 

«^C. Schilling, Ztschr. /. Immunitdlsfonch. u. exper. Therap., 87: 47 (1936), and 
96: S21 (1939). 
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stances pass in the milk, to the young of mother rats immune to 
Trypanosoma, lewisi and Trypanosoma cruzi and of mother 
mice immune to Trypanosoma duttoni.^^ Very little, if any, im- 
munity is acquired by the young through the placenta prior to 
birth. Mother rats immunized by the inoculation of a formolized 
Trypanosoma lewisi vaccine also transmit resistance to their young 
in similar manner.*® The immunity acquired from the mother is in 
all cases temporary, and several weeks after being weaned the 
young are as susceptible to infection as the young of a normal 
mother. 

Immunity is developed by the mother and transmitted to the 
young very rapidly. For example, if a normal mother rat is infected 
with a trypanosome within a day or so after her litter is delivered, 
the young which nurse her will acquire complete resistance by the 
end of the second week of the nursing period. The mother mean- 
while has elaborated the protective substance and passed it to the 
young through her milk. A mother powerfully immune at the time 
her litter is delivered, however, is often able to transmit enough 
protective substance to the young during their first twenty-four 
hours completely to prevent the development of an infection in 
them subsequently. 

J. T. Culbertson, J. Parasitol, 24: 65 (1938), and 25: 182 (1939). 

M. H. Kolodny, Am. J. Ilyg., 30: 19 (1939, sec. C). 

J. T. Culbertson, J. Immunol., 38: 51 (1940). 

J. T. Culbertson, J. Parasitol., 27: 75 (1941). 



chapter XII 
THE MALARIAS 


M alaria is the most important parasitic disease of man; more 
people suffer from it than from any other infection. In the 
tropics, and in many parts of the t emperate zones as well, it is so 
widely prevalent that no resident can expect to escape contracting 
the disease. The comparative infrequenc y of death from malaria is 
explained by the fact that an infected indivi dual usu ally acquires 
a specific immunity against the malaria parasite with which he is 
infected and generally, even if untreated, brings the infection un- 
der control. In addition, efficacious drugs are available to treat the 
disease. The ultimate eradication of the parasite from the body is 
due mostly to the immune response, however, for the treatment 
with drugs merely keeps the parasite in check until the patient’s 
own defensive forces have been raised to an effective level. Im- 
mune responses essentially similar to those in human malaria are 
also seen in the malarias of monkeys and of birds. 

Human Malaria 

NATURAL RESISTANCE 

HOST RESTRICTION 

The four species of parasites which cause human malaria pro- 
duce natural infections only in man. The few experimental infec- 
tions with the human parasites which have been established in ani- 
mals have been of only evanescent character. The inoculation of 
primates has been most successful.^ Plasmodium vivax persists in 
a chimpanzee for six weeks or so,- and Plasmodium falciparum 
about eight days in the howler monkey.'* Malarial pigment has been 

^ J. Schwetz, Zentralbl. f. Bakt., 130: 105 (1933). 

2J. Rodhain, Compt. rend. Soc. de biol., 132: 69 (1939); J. Rodhain and 
G. Muylle, Compt. rend. Soc. de biol., 131: 114 (1939). 

3 W. H. Taliaferro and P. R. Cannon, Am. J. Hyg., 19: 335 (1934). 
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seen in a Java monkey at autopsy twelve days after Plasmodium 
malariae was inoculated. Infections in the lower animals have al- 
most alwa5rs failed, although ring stages of Plasmodium vivax have 
been reported in very young rodents and puppies for a few days 
after the injection of infected human blood.'* Blood withdrawn from 
these animals during the first hours after inoculation usually is still 
infective for man," although that taker after several days is not.® 

In no animal, therefore, does infection with human malarial or- 
ganisms approximate that usually seen in man. For this reason 
these parasites are very markedly restricted in the choice of host. 
Actually their host range is less than that of most other kinds of 
parasite. 

FACTORS INFLUENCING NATURAL RESISTANCE 

Infections with human malaria organisms vary markedly be- 
cause of variatiops ip the resis t ance of different persons. Many fac- 
tors influence this resistance; some of these will be briefly de- 
scribed. 

Race. — A marked rlifference in susceptibility to malaria is mapi- 
fested by different races. Negroes are almost wholly insusceptiWe 
to Plasmodium vivax ’’ and Plasmodium ovale. They suffer com- 
paratively mild infections with the malignant parasite Plasmodium 
falciparum and practically never develop the serious complication 
of Plasmodium falciparum infection, blackwater fever.® White per- 
sons, in contrast, are almost invariably susceptible to all tlTe' mfflar- 
ial parasites, and they generally suffer severe symptoms of disease 
and even death.® Negroes often fail to develop the enlarged spleen 
so characteristic of infection in white persons and those with some 
white blood.’" Members of the two races are about equally suscepti- 
ble to Plasmodium malariae.. 

Some authorities believe that the resistance to Plasmodium vivax 

^ M. Yoshino, Arch. /. Schiffs- tt. Tropcn-iryg., 30 : 624 (1026). 

“ G. Bodcchtcl, Klin. Wchnschr., 9: 2020 (1930). 

" J. ScRal, Ann. de Parasitol., 8: S90 (1930). 

» M. F, Boyd, South. M. J., 27: 1S5 (1934) ; M. F. Boyd and W. K. Stratman 
Thomas, Am. J. Ilyg., 18: 48S (1933). 

« M. F. Boyd, South. M. 27: ISS (1934) ; G. Giglioli, Riv. di malariol, 11- 2' 
(1932). 

» M. F. Boyd, South. M. J., 27: IS.'! (19.34) ; M. F. Boyd and W. K. Stratman 
Thoraa-s Am. J. flyg., 19: .'!41 (1934). 

1" P. S. Carlcy, Am. J. Trap. Med., 12: 467 (1932). 
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of Negroes and of other native peoples in the tropics is not con- 
genital, or genetic, but occurs only in those individuals who have 
recovered from a prior infection, perhaps at an early age.'^ Since 
even very young Negro children resist infection, however, and since 
Negroes born and reared entirely outside areas in which malaria is 
endemic are also resistant, a natural resistance dependent upon 
race must be recognized. The genetic constitution of the h ost is con- 
sidered, therefore, to play a very significant role in natural resist- 
"nce to malaria.’ - 

A^e , — Persons of the whitejace who have never previously suf- 
fered from the disease can be infected with malaria parasites at any 
age. However, young persons suffer the most intense infe^on'sj 
are most likely to succumb,’-'* and after apparent cure are most 
prone to relap.se. Adults, in contrast, often terminate their infec- 
tions in a few days without specific treatment.’ ■* Surveys of the gen- 
eral population in endemic areas reveal a much higher percentage 
infection of children than of adults, especially with Plasmodium 
vivaxy' Often as many as 40 percent of children under fifteen years 
of age are infected with malaria in contrast with from 5 to 15 per- 
cent of persons over fifteen years.’® The greater infection rate 
among children depends largely on the fact that the young c hild has 
not acquired a s pecific immunity by recove ry from a previous 
infection. It is said, however, that mosquitoes prefer to bite chil- 
dren.’’’ 

)ex . — Males and fe males are ^ually susceptible to malaria, any 
difference in incidence of infection between tH'e^xes~Bemg related 
to exposure. Infection with malaria is, however, especially serious 
in the pregnant woman, latent infections flaring up frequently in 

»» E. SerRent, Riv. di malariol., 14 (Suppl. to No. 3) : S (193S) ; W. A. P. SebUff- 
ncr and others, Xentralbl. /. Bakt., 125: 1 (19.32), 
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pregnancy as well as during labor or after parturition.’® Infection 
with Plasfttodiutn falciparum is particularly dangerous during preg- 
nancy and often cause s abortio n.”* 

Tntcrcurrent infection, — The effect of an intercurrent infection 
upon the course of malaria is an old problem, but one of which even 
yet relatively little is well established. Malaria and tuberculosis 
are sometimes said to be mutually ^tj^onistic,-® but the better 
evidence indicates that the infections are independent ol each other 
or else that the contract!^ of one lowers the natural resistance of 
the host to the other. jPor examplCj.' cases of tuberculosis are prone 
to relapse if malaria' is superimposed,-’ the tuberculous process 
meanwhile lighting up and extending.-- At the same time, the tuber- 
culin test in such persons becomes negative.-® Conversely, latent 
malaria can be induced to relap.se by injecting tuberculin, one-half 
milligram usually being sufl'icient for the purpose.®^ Malaria and 
typhoid fever have little or no mutual influence,®'’ although symp- 
toms in typhoid are sometimes more severe in patients with ma- 
laria.®” 

Experimental studies indicate that a simultaneous infection with 
two species of malaria influences the development of each parasite. 
When Plasmodium v ivax an^lasmodium malariac are inoculated 
simultaneously, for example, Plasmodium vivax is the dominant 
species, Plasmodium malariac sometimes failing to develop at all.®'^ 
When Plasmodium vivax and Plasmodium falciparum are inocu- 
lated together, Plasmodium vivax is eventually the dominant spe- 
cies, although Plasmodium falciparum is the more prominent ini- 
tially.®** 

T):ileas, Bull. Sac. nmi.-chir, de Vlndochine, 4.^2 (1935); D. S. Karve, 
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Diet. — The role the diet plays in resistance to malaria is not 
well established, although often the occurrence of relapse is related 
tp the ingestion of la rge amounts of sugar.- ” 

Reticulo-cndothciial system. — Natural resistance against ma- 
laria is intimately related to the function of the, cel ls of t he reticulo- 
endothelial system. Parasites are phagocytized especially by tHl 
fixed-tissue macrophages, and such organs as the spleen become 
charged both with malarial parasites and with malarial pigment. 
A monocytosis occurs during infection, indicating a broad stimula- 
tion of the reticulo-endothelial system. Splenectomy, resorted to for 
one or another reason in man, is said to lead to recrudescence of 
latent malaria, presumably because of the consequent depression 
of reticulo-endothelial function.*" When the spleen has been se- 
verely damaged by malaria, however, its removal is often advised, 
providing the infection has gone on for sufficient time to give other 
tissues an opportunity to assume the splenic function. 

ACQUIRED IMMUNITY 
RESISTANCE TO REINFECTION 

Persons who have suffered an initial infection with malarial para- 
sites resist reinfection with the s^e organism. This is observed 
among individuatS'hewJy arrived iirendemic areas, in chUdren born 
in such areas, and in persons specifically inoculated with malaria 
parasites as a therapeutic measure in neurosyphilis. Generally, the 
immunity to reinfection is relative rather than absolute. During the 
initial infection a severe parasitaemia with accompanying symp- 
toms may be experienced. During subsequent infections the symp- 
toms are often entirely omitted and the number of parasites 
markedly reduced. Finally, after many reinfections no parasites 
whatsoever may occur in the blood.’" 
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Usually immunity is built up rapidly against Plastnodiutn vi vax 
or Plasmodium ovale, less readily against Plasmodium malariae, 
ancTorily Very slowly, if at all, against Plasmodium jalciparum?^ 
Children, however, acquire immunity slowly against all species, 
manifesting little resistance before the sixth year of life and suffer- 
ing repeated severe infections until that time."'' Immunity once 
established is effective either against trophozoites of infective blood 
introduced by syringe or against sporozoites inoculated by mos- 
quito,®* although the sporozoites, at least of Plasmodium ovale, 
seem to have greater power to develop in an immune person than 
do the trophozoites.®® Immunity lasts longest against Plasmodium 
vivax and Plasmodium ovale, and for the briefest period against 
Plasmodium falciparum.^’' Immunity against Plasmodium vivax 
probably endures for at least three years,®^ possibly for as long as 
seven years,®.* 

Species and strain specificity of acquired immunity.- — Persons 
who have recovered from infection with one species of malaria 
parasite are not immune to others.®* Indeed, the immunity in ma- 
laria is usually effective only against that single homologous strain 
within a given species which produced the initial infection in that 
person.*" For this reason, a malaria epidemic may occur in a com- 
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munity which has long been comparatively immune to the disease, 
providing a new strain of the parasite is introduced either through 
infected persons or mosquitoes. Sometimes, however, reinfections 
with heterologous strains within the species result in clinically 
milder attacks than if there had been no prior experience whatso- 
ever with malaria.^ ' When two strains within a given species infect 
an individual simultaneously, immunity against either is built up 
only slowly and poorly.^- Immunologically distinct strains of the 
ovale parasite evidently do not occur, since persons recovered from 
infection with one strain of Plasmodium ovale are protected against 
the other known strains of the same species of parasite."*® 

Relapse. — Relapse in malaria may be defined as the recurrence 
of clinical malaria, after the apparent cure o f a first infection, in 
the absence of exogenous reinfertiqn. It is one of the most conspicu- 
ous characteristics of malaria. Its causes are many, and what ex- 
plains the relapse in one case piay not apply in another. Relapses 
are divided into two groups:’ ^ort-term relapse s, which occur 
within six weeks after apparent recovery, an^ong-term relapses, 
which occur after longer periods. Those following an inlectibn^lth 
Plasmodium jalciparum are almost always of the short-term va- 
riety. Those following Plasmodium vivax and, _csj)ecially, Plas~ 
medium malariac are of the long-term variety, occurring sometimes 
after two or three years. Reports of relapse with Plasmodium vivax 
after intervals greater than three years, however, should be viewed 
with caution before every possibility of exogenous reinfection is 
excluded. Relapse with Plasmodium malariae, on the other hand, 
has been observed even after twenty years or more."*^ Relapses in 
Plasmodium ovale infections are rare.^' 

The many possible causes of relapse in malaria divisible 
rather inaccurately into iiUernal and external factors, ^mong in- 
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ternal, or constitutional, factors pregnancy and parturition are 
probably most important/® Relapse also is observed in those who 
have undergone splenect omy or other operative procedure or 
who have experienced extraordinary fatigue. fhe“age of the'patient 
also is important, since relapse occurs most frequently in c hildren 
le ss than fifteen years o ld.^^^ong ext ernal fa ctors, the character, 
intensity, and duration of, treatmenfls the niost significant. Re- 
lapse may occur in any poorly treated case, but is noted especially 
in those in which treatment was instituted very early, tlien discon- 
tinued after a brief time. If the initial infection is let run on prior 
to treatment for a period sufficient to permit the patient to respond 
immunologically, the danger of relapse is greatly reduced. The diet^ 
change of climate, extreme heat or cold, and traumatic shock are 
also causes contributing to relapse. 

Premunition. — The best evidence of immunity in malaria can 
be elicited in person^till harboring their original infection in latent 
form.*" The failure to infecrCaucasians’ on first experimental in- 
oculation is usually explained on the basis of their being premu- 
nized.®" The almost complete resistance of Negroes,"'^ Malayans 
and other natives of the tropics is also sometimes accounted for on 
this basis. Premunition is absolutely strain-specific, and if a het- 
erologous strain of the same species of parasite is inoculated ar 
infection will promptly ensue.'’-' Absolute immunity, however, prob- 
ably remains for some time after a latent infection ha- been wholl> 
eradicated."* At least, massive doses of blood from some recoverec 
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Tr. Roy. Soc. Trop. Med. & Ilyg., 32: 13 (1938). 

E. Benhamou, Bull. Soc. path. f.xoi., 25: 685 (1932). 

I. Balteanu, I. Alexa, and E. Alexa, Arch, roumaincs de path, exper. et de miao- 
biol., 8: 491 (1935) ; I. J. Kligler, Tr. Roy. Soc. Trop. Afcd. & H\g., 27: 269 (1933), 
and 24: 331 (1930). 

•10 E. Sergent, Riv. di malariol., 14 (Suppl. to No. 3) : 5 (1935) ; E. Sergent, Bidl. 
Soc. path, exot., 22: 887 (1929) ; E. Sergent, E. Sergent, L. Parrot, and A. Donation, 
Tr. Roy. Soc. Trop. Med. & Hyg., 27: 277 (1933). 

°0M. F. Boyd and W. K. Stratman-Thomas, Am. J. llyg., 19: 541 (1934) ; 
M. Ciuca, L. Ballif, and M. Chclarescu-Vieru, Bull. Soc. path, exot., 26: 300 (1933), 

E. Sergent, Riv. di malariol.f 14 (Suppl. to No. 3) : 5 (1935) . 

W. A. P. Schuffner and others, Zentralbl. f. Bakt., 125: 1 (1932). 

M. F. Boyd and W. K. Stratman-Thomas, Am. J. Hyg., 18: 482 (1933). 

^•^M. Ciuca, L. Ballif, and M. Vicru, Arch, roumaines de path, expir. ct de 
microbiol., 1: 577 (1928); G. Sicault and A. Mcsserlin, Bull. Soc. path, exot., 31; 
911 (1938). 
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persons often fail to infect normal individuals to which they are 
injected.*® 

ANTIBODY PRODUCTION 

Although antibody is known to be formed by man after infection 
with malaria, comparatively little has been established about the 
nature of the antibody formation. The complement fixation test be- 
comes positive after the fifth paroxysm in Plasmodium vivax infec- 
tion in neurosyphilitics and remains so for from ten to thirty days. 
Thereafter it is negative.*® Tests for complement fixation and for 
the precipitin antibody have been developed for use in diagnosis. 
These will be referred to in the section on diagnosis (see also Chap- 
ter XX). 

PASSIVE IMMUNITY 

The possibility of the passive transfer of immunity against hu- 
man malaria has not been carefully investigated. A few successful 
attempts to treat malaria with serum from recovered patients 
and from rabbits injected with malarial parasites ** have been re- 
ported, but the results in these are not very convincing. 

MECHANISM OF IMMUNITY 

Immunity in malaria is intimately related to the function of the 
reticulo-end othelial system . It depends in part upon the defensive 
cells of this system and in part upon hujnoral antil^dies which 
probably arise chiefly from these cells. The’iphagocytic cells of the 
reticulo-endothelial system in the normal per^n are able to per- 
form their function of phagocytosis to some extent even when the 
malarial parasites first enter the blood.*® But as a result of an 
infection, these cells as well as all components of the reticulo- 
endothelial system are stimulated markedly and their function 

®«M. F. Boyd, W. K. Stratman-Thonias, and S. F. Kitchen, Am. J. Trap. Med.. 
16; 311 (1936). 

A. Radosavljevic, Arch. f. Sckiffs- u. Tropen-Hyg., 34: 629 (1930). 

®’^N. Lorando and D. Sotiriades, J. Trap. Med., 39: 197 (1936), and Tr. Roy. 
Soc. Trap. Med. & llyg., 31: 227 (1937); D. Sotiriades, J. Trap. Med., 39: 257 
(1936). 

®s N. T. Korcssios, Riv. di malariol., 12: 353 (1933). 

W. H. Taliaferro and H. W. Mulligan, Indian M. Research Mem., Suppl. Ser. 
to Indian J. M. Research, Mem. No. 29 (1937) ; P. Decourt, Bull. Soc. Path, exot 
32: 7 (1939). 
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thgeafter is of a much higher order. The spleen be comes enlar ged, 
the number ^ monocytic cells of the peripher-'djjlood rises,*'* and 
specific antibody Ts de'^bped. The precise function of the antibody 
is still somewhat obscure, although most probably it behaves as an 
opsonin, sensitizing the parasites so that they are more readily 
engulfed by the phagocytic cells.*'* Usually this phagocytosis is 
largely restricted to the phagocytes of the reticulo-endothelium,®^ 
although occasionally, especially in heavy infections, phagocytosis 
by cells in the peripheral blood likewise is observed.** The possibil- 
ity remains that the antibody is also antitoxic in function ** or 
directly parasiticidal.*''’ One study upon Plasmodium ovale infec- 
tion has suggested that immunity to this parasite is both antitoxic 
and antiparasitic in its nature. The antitoxic immunity is consid- 
ered to reach a high level more rapidly than the antiparasitic im- 
munity after repeated reinfection, although the antiparasitic im- 
munity persists longer, once it is established.** 

The more intense malarial infections seen in children probably 
occur because the function of the rcticulo-cndot helial syste m is 
deficient in young individuals. During the first several years of life 
children in endemic areas may suffer repealed infections with 
malaria, a new infection being contracted as soon as the previous 
one is ended, with no evidence that an immunity has been devel- 
oped.®'* Gradually, however, as the child reaches four years or more 
of age and its reticulo-endothelial system attains a more nearly 
complete function, the clinical symptoms become progressively 
less, and eventually a firm resistance is acquired both to the clinical 
effects and, finally, to the presence of the parasite. 

G. A. Winfield, J. Lab. & Clin. Med., 17: 985 (1932). 

J. G. Thomson, Tr. Roy. Soc. Trap. Med. & II yg., 26: 483 (1933). 

H. Stott, Indian M. Gaz., 68: 507 (1933). 

D. DeLangen, Tr. Roy. Soc. Trap. Med. & Hyg., 26: 523 (1933), and 
Geneesk. Tijdschr. v. Nederl-Indie, 72: 793 (1932) ; H. Scc-Lii, Arch. f. Schiffs- u. 
Tropen-IIyg., 38: 249 (1934). 

“^A. Radosavljcvic, Arch. f. Schiffs- v. Tropen-IIyg., 34: 629 (1930); M. Ash- 
ford, Am. J. Trap. Med., 16: 665 (1936). 

®^A. Radosavljcvic, Arch. j. Schiffs- n. Tropen-Hyg., 34: 629 (1930); H. Neu- 
mann, Riv. di malariol., 12; 319 (1933) ; G. J. Perckropow, Zischr. j. Imniunitdts- 
iorsek. u. exper. Therap., 57: 219 (1928). 

J. A. Sinton, Tr. Roy. Soc. Trap. Med. & Ilyg., 33: 585 (1940). 

S. R. Christophers, Indian J. M. Research, 12: 273 (1924); G. MacDonald, 
Indian J. M. Research, 18: 1347 (1931) ; W. C. Earle and others, Porto Rico J. Pub. 
Health & Trop. Med., 15: 391 (1939). 
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Relationship to chemotherapy . — Before an individual can de- 
velop a vigorous immune response to the malarial parasite, that 
individual must be injured by his infection. When damage is slight, 
the immune response is correspondingly slight; but when the in- 
jury is great, the immunity developed is of a higher order. When 
a malarial patient is treated with specific antimalarial drugs, his 
immediate need for specific immune response becomes less and his 
effort thus to cure himself is retarded. But it is in just such cases 
that relapses occur, since the complete eradication of the malarial 
parasite from the body is seldom accomplished save through the 
intervention of the host’s own specific defense mechanism. The 
present tendency in endemic areas is, therefore, to withhold treat- 
ment after the initial infection until the patient has suffered a num- 
ber of paroxysms. (twenty or so) and thus has had an opportunity 
to raise his natural defense facilities to an effective level. This 
schedule is adhered to not only for adults but for children as well, 
giving only enough drug at any time to prevent the patient’s being 
carried off by the infection.'*’* Persons who live outside endemic 
areas, however, or who are for any other reason unlikely to experi- 
ence further attacks of malaria are usually given radical drug 
treatment at the earliest opportunity.'"' 

PROPHYLAXIS 

Prophylaxis by vaccination has not been tried significantly in 
malaria. The great difficulty entailed in preparing a suita ble anti- 
gen has precluded the use of sterile vaccines. As yet the inorala- 
tion of attenuated organisms has not been attempted as a prophy- 
lactic measure in human malaria, since strains of such parasites 
are not available. Schilling has reported immunizing persons by 
repeated injections of very small numbers of living virulent organ- 
isms, beginning with one hundred parasites and gracfually increas- 
ing the number given.''* One report of the successful use of auto- 
vaccines therapeutically has appeared, but as yet it has had no 
further trial.''^ 

“*S. P. James, Tr. Roy. Soc. Trof. Med. & Hyg., 24: 477 (1931) ; J. A. Sinton, 
J. Malaria Institute of India, 2: 191 (1939); D. B. Wilson, Tr. Roy. Soc. Trap. 
Med. & Hyg., 32: 435 (1939). 

J. A. Sinton, J. Malaria Institute of India, 2: 191 (1939) . 

7^*0. Schilling, Deutsche med. Wchnschr., 65: 1264 (1939). 

71 S. W. Koustansoff, Zentralbl. /. Bakt., 116 : 241 (1930). 
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DIAGNOSIS 

The best and simplest method for diagnosing malarial infection 
is by finding the malarial parasite in blood films from the patient. 
Immunological tests have in general been extremely troublesome 
to perform because of the difficulty in procuring a suitable antigen, 
and at best they have generally given rather poor results. Antigens 
derived by extraction of infected blood, ^2 especially from the pla- 
centa,^* have, however, been used with meager success in the fixa- 
tion test. Recently decidedly more favorable results ha^e been ob- 
tained in the fixation test with an antigen prepared from the monkey 
malaria parasite, Plasmodium knowlesi.’’^ Often confusion results 
in the fixation test from the fact that malaria patients give positive 
Wassermann tests as well as Kahn tests in the absence of syphilis.^* 
A precipitin test also has been devised for diagnosing malaria, 
the antigen coming from infected placental blood. Of thirty-two 
serums from infected persons in one study, thirty-one were positive 
by this test, whereas only one of thirty-two control scrums was 
positive.’'** Cultures of malaria parasites also have been used as a 
source of antigen in the precipitin test.'’’ Skin tests likewise have 
been tried in the diagnosis of malaria, but with little success except 
in the hands of those who devised them.'’® 

He nry tes t . — The Henry test has been quite widely tried for di- 
agnosing malaria and seems to give rather favorable results, al- 
though those who have employed it are still in conflict as to its 
nature, its specificity, and its general practicability. Apparently it 
is not dependent upon an antigen-antibody union,'”* since distilled 

A. Radosavljcvit, Arch. j. Schiffs- u. Tropcn~JIy^., .U: 629 (1930). 

M. Massa, Palhologica^ 21; 18 (1929). 
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Riv. di malariol., 12: 873 (1933) ; G. M. Saunders and T. B. Turner, South. M. J., 
28: 542 (1935) ; A. S. Azzi and A. Del Fradc, Arch, de mcd. inf., 7: 388 (1938) ; 
S. F. Kitchen, E. L. Webb, and W. H. Kupiper, J. A. M. A., 12: 1443 (1939); 
A. E. Taussig and M. M. Orgcl, /. Lab. & CUn. Med., 22: 614 (1917). 

W. H. Taliaferro and L. G. Taliaferro, /. Prevent. Med., 2 : 147 (1928). 

*' R. Row, Tr. Roy. Soc. Prop. Med. & HyS t -4: 623 (1931). 

"•‘<0. Herrmann and M. Lifsrhitz, Ztschr. f. Jmmumtdt.sforsch. u. exper. Therap., 
65: 240 (1930); M. M. Tsechnowitzer and W. D. Moldawskaya-Kritschewskaya, 
'Prop. Med. & ParasHoL, 9: 261 (1931) ; F. Rocchi, Riv, di malariol., 10: 161 (1931) ; 
F. Trensz, Compt. rend. Soc. de biol., 116: 1082 (1931). 

V. Chorine, Riv. di malariol., 13: 807 (1934). 
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water can be substituted for the melanine pigment or other sub- 
stance which generally serves as “antigen.” The reaction seems 
to depend upon the relative instability of malarial serums, in which 
an excess of globulin always occurs.®^ Many investigators consider 
the test useful as a diagnostic aid,®® even though it is often positive 
in such other diseases as leishmaniasis, trypanosomiasis, and typhus 
fever.®'* After drug treatment of the malarial patient the serum 
gives a negative Henry test.® ‘ 

Monkey Malaria 

NATURAL RESISTANCE 


HOST RESTRICTION 

Many distinct species of malaria occur in monkeys. Compara- 
tively few of these have been studied immunologically, however. 
The majority of the reported studies have been concerned with 
Plasmodium knowlcsi, Plasmodium cynomolgi, Plasmodium inui, 
and Plasmodium brasilianum. These parasites are restricted almost 
entirely to monkeys, although Plasmodium knowlcsi and Plasmo- 
dium inui also can infect man.®® One other species, Plasmodium 
rodhaini from the chimpanzee, which resembles Plasmodium ma- 
lariac of man, is also said to infect human beings.*® Among different 
species of monkeys, however, these various parasites produce very 

R. H. Wiseman, Lancet, 2: 543 (1934) ; V. Chorine and D. Koechlini Bull. Sac. 
path, exot., 28: 375 (1935) ; V. Chorine, R. Prudhomme, and D. Kocchlin, Compt. 
rend. Soc. de. biol., 116: 1255 (1934). 

E. Benhamou and R. Gille, Compt. rend. Soc. de biol., 118: 1573 (1935); 
A. F. X. Henr>', Compt. rend. Soc. de biol., 107: 1520 (1931). 

M. de Alda Callcja, Med. Pahes Calidos, 9: 203 (1936); A. Badensky and 
K. Bivol, Compt. rend. Soc. de biol., 114: 224 (1933) ; M. Biasiotti, Policlinico, 40: 
557 (1933) ; R. Brandt and L. Horn, Klin. Wchmehr., 14: 1538 (1935) ; V. Chorine, 
Riv. di malariol., 11: 273 (1932) ; V. Chorine and M. Rodieux, Bull. Soc. path, exot., 
26: 1249 (1933); I. Gnochvili, I. Kigueloukhcs, and M. Mougiri, Med. Par. and 
Parasit. Dis., 4: 461 (1935) ; A. Kappus, Arch. f. Schiffs- u. Tropen-Hyg., 36: 576 
(1932) ; P. R. Lacour, Henryks Malaria Flocculation, Paris, Doin et Cic. (1934). 

p. Gerbinis, Bull. Soc. path, exot., 27: 19 (1934) ; A. F. X. Henry, Compt. rend. 
Soc. de biol., 116: 1237 (1934). 

A. Badensky and E. Bivol, Compt. rend. Soc. de biol., 114: 224 (1933) ; A. Cor- 
radetti, Riv. di malariol., 11: 282 (1932); V. Chorine, Bull. Soc. path, exot., 26: 
269 (1933). 

**•■* M. Ciuca and others, Compt. rend. Soc. de biol., 129: 1234 (1938) ; C. Tnocsco- 
Miahaiesti and others, Compt. rend. Soc. de biol., 115: 1311 (1934) ; M. D. Eaton 
and L. T. Coggeshall, J. Exper. Med., 69: 379 (1939) ; D. F. Milam and L. T. 
Coggeshall, Am. J. Trop. Med., 18: 331 (1938). 

J. Rodhain, Compt. rend. Soc. de biol., 133: 276 (1940). 
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different types of infection. For example, Plasmodium knowlesi 
causes in Macacus rhesus an infection of the greatest severity 
which always ends fatally. In Macacus cynomolgus, on the other 
hand, the same parasite causes a chronic type of infection requir- 
ing no treatment.®^ 

FACTORS INFLUENCING NATURAL RESISTANCE 

Little is known of the significance of the age or sex of monkeys 
in their natural resistance to malaria. The significance of race also 
is uncertain so far as the monkey host is concerned. Among hu- 
man beings, Negroes are much more resistant than white persons 
to Plasmodium knowlesi.^^ The factor of greatest importance in 
natural resistance seems to be the reticulo-endothelium, for limit- 
ing its function by the blockage of this system or by the extirpation 
of the spleen promptly lowers the resistance of monkeys to these 
parasites.*® 

ACQUIRED IMMUNITY 
RESISTANCE TO REINFECTION 

Monkeys which have suffered an initial infection with Plasmo- 
dium brasilianum, Plasmodium inui, or Plasmodium knowlesi re- 
sist reinfection with the same species of parasite.®'’ Human beings 
also acquire resistance to reinfection with Plasmodium knowlesi 
through recovery from an initial infection.®* However, individuals 
who have previously suffered infection with human malaria — for 
example, Plasmodium vivax — ^are as susceptible to Plasmodium 
knowlesi as a normal person.®- 

J. A. Sintun, Records Malaria Survey of India, 7. 8S (1937); R. Malamos, 
Arch. /. Schijfs- u. Tropen-Hyg., 38: 326 (1934). 

I). F. Milam and L. T. Cojigeshall, xXm. J. J'rop. Med., 18: 331 (1938). 

B. Malamos, Arch. /. Schifjs- u. Tropen-IIyg., 38: v^26 (1934) ; N. Cassuto, Riv. 
di malarial., IS: 240 (1936) ; R. Knowles and B. M. das Gupta, Indian M. Gaz., 
69: 541 (1934) ; K. V. Krishnan, R. O. A. Smith, and C. Lai, Indian J. M. Research, 
21: 343, 639 (1933-34) ; E. G. Nauck and B. Malamos, Ztschr. ]. ImmunUdlsforsch. 
u. exper. Therap., 84: 337 (1935) ; J. A. Sinton, Records Malaria Survey of India, 
5: 501 (1935). 

J. A. Sinton, Records Malaria Survey of India, 7: 85 (1937) ; W. H. Taliaferro 
and L. G. Taliaferro, Am. J. Hyg., 20: 60 (1934) ; H. W. Mulligan and J. A. Sinton, 
Records Malaria Survey of India, 3: 529, 809 (RM3) ; B. Malamos, Arch. f. Schiffs- u. 
Tropen-Hyg., 41: 162 (1937) ; J. A. Sinton and H. \V. Mulligan, Records Malaria 
Survey of India, 5: 307 (1935). 
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Premunition, — ^The immunity of monkeys to reinfection with 
Plasmodium knowlesi certainly lasts as long as the parasites persist 
in a latent form of infection and may be manifested even after 
the infection is completely eliminated,*^ providing the infection had 
persisted for a sufficient time and with sufficient severity to cause 
a vigorous immune response. When long persisting Plasmodium 
knowlesi infections in Macacus rhesus are cleared completely with 
sulfanilamide, for example, the animals are still resistant, even 
though their blood is not infective for other normal monkeys,®® If 
an infection is cured in its incipient stages, however, before an im- 
mune response has been made by the host, the animal can then be 
reinfected almost at once. Humans who have acquired immunity 
to Plasmodium knowlesi also retain their resistance, even after 
their blood is clear of the parasite. In some cases, however, the 
parasite has been shown to persist in man for several months in the 
absence of symptoms.®® 

ANTIBODY PRODUCTION 

Antibody production in monkey malaria has been studied chiefly 
in Macacus rhesus infections with Plasmodium knowlesi. Specific 
agglutinins, complement-fixing antibodies, and protective antibod- 
ies have been described in this host. Agglutinins appear within fif- 
teen to forty-five days after infection. Their titer rises gradually as 
the infection subsides, and in animals repeatedly reinfected it may 
reach 1:1000,®^ The complement-fixing antibody appears during 
the third week and persists for months thereafter, falling in titer 
after the administration of the controlling drug, but rising again 
after each relapse.®® The protective antibody is usually considered 
distinct from the other antibodies, although its precise characters 
have not as yet been accurately determined. The complement fixa- 
tion antibody and the protective antibody have also been demon- 

J. A. Sinton, Records Malaria Survey of India, 7: 85 (1937) ; B. M. das Gupta, 
Indian M. Gaz., 72: 726 (1937). 
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strated in the serum of human beings who have been experimentally 
infected with this parasite.*® 

PASSIVE IMMUNITY 

Macacus rhesus is protected against Plasmodium knowlesi by 
the repeated injection of serum from a monkey harboring a chronic 
infection with this parasite.^** A direct relationship has been shown 
to exist between the amount of antiserum required to confer pro- 
tection and the infective dose of organisms administered.**^ To be 
useful for the passive transfer of immunity serums evidently must 
come from infected animals, for those from monkeys artificially 
immunized with killed antigens arc ineffectual (see Chart II). 

MECHANISM OF IMMUNITY 

The mechanism of the acquired immunity of monkeys against 
the monkey malarias is fundamentally the same as that of man to 
human malaria. The elements of the reticulo-endothelial system 
play the greatest role, either in directly phagocytosing the para- 
sites or in elaborating antibodies which opsonize them preparatory 
to their engulfment by cells. Soon after infection a distinct stimula- 
tion of the reticulo-endothelial system is evident. The spleen en- 
larges to several times normal size, phagocytic activity becomes 
enhanced, and eventually antibody appears.**- In its final analysis, 
then, resistance against these parasites seems to depend on phago- 
cytosis. However, phagocytosis normally will go on at a rate suf- 
ficient to keep the parasites in check and finally to eliminate them 
only when antibody is present to render simpler the task of the 
phagocytic cells. 

PROPHYLAXIS 

As yet monkeys have not been protected against Plasmodium 
knowlesi as a result of vaccination with killed organisms.’"* 

L. T. Coggeshall, J. Exper. Med., 72: 21 (1940). 

L. T. Coggeshall and H. W. Kumm, J. Exper. Med., 66: 177 (1937) ; E. Mosna, 
Riv. di parassitoL, 2: 327 (1938). 

L. T. Coggeshall and M. D. Eaton, J. Exper. Med., 68: 29 (1938). 
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DIAGNOSIS 

The diagnosis of infections with the monkey malarias are rou- 
tinely performed by the microscopic observation of stained films; 
yet these infections can be diagnosed by the fixation test and the 
agglutination test,’"^ as well as by an intradermal reaction.>«= The 
infected red blood cells of Macacus rhesus is the source of antigen 
for all these tests. In the case of the skin test, the antigen is ob- 
tained by digesting the infected blood cells with papain. The skin 
reaction commences in three or four hours after the antigen is in- 
jected and reaches its peak in twenty-four hours, with local swell- 
ing and central necrosis of the injected site. Antigens prepared from 
Plostnodiutn knowlest also are useful in diagnosing by the fixation 
test human infections with any of the usual human malarias.^®* 

A reversed complement fixation test also is possible in acute 
Plasmodium knowlest monkey infection. In this, circulating ma- 
larial antigen is detected by means of a hyperimmune monkey 
serum.’ 


Bird Malaria 

NATURAI. RKSISTANCE 


HOST RESTRICTION 

Although extensive investigations on the parasites of bird ma- 
laria have been carried out, the full limits of the possible host range 
for each species is still largely undetermined. Usually a variety of 
birds can be infected with each species, although neither mammals 
nor cold-blooded hosts are susceptible to any of the bird malarias. 
One species of parasite, Plasmodium cathemerium, has proved in- 
fective for, among others, sparrows, wood thrushes,’®® canaries, 
pigeons, great-horned owls, ducks,’"® and chicks,”® although in- 
fections in the chick are often demon.strablc only by the subinoc- 

"" M. D. Eaton, J. Exper. Med., 67: 8S7 (I<M8) ; B. Malamos, Riv. di mcdaml., 16: 
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ulation of canaries. At least eight different species of birds are 
susceptible to Plasmodium praecox (relictum) Recently the 
tendency has been to reduce the number of recognized species of 
malarial parasites in birds. Many of those which were previously re- 
ported as distinct species because of their occurrence in new hosts 
are now considered identical with others.^*® It is, nevertheless, evi- 
dent that the host range of these parasites is distinctly greater than 
that of other types of malaria organisms. 

These parasites sometimes experience profound modifications on 
transfer from one host to another. For example, Plasmodium cath- 
emerium has a twenty-four hour asexual cycle in the canary and 
the duck, but a forty-eight hour cycle in the chick. Furthermore, 
the mean number of merozoites in the segmenters differs in the 
various hosts, there being 11.2 merozoites in the canary, 7.9 in the 
duck, and 5.0 in the fowl.^^® 

FACTORS INFLUENCING NATURAL RESISTANCE 

The factors governing natural resistance in bird malaria have 
not been much investigated. Age is certainly a factor in the resist- 
ance of chickens to Plasmodium hphurae, younger birds being 
definitely more susceptible.”"* The diet also may have some im- 
portance in bird malaria,”® although its precise relationship is yet 
obscure. Splenectomy affects the natural resistance of birds to these 
forms very slightly.”® However, chicks which have received sev- 
eral large doses of carbon ink into the posterior peritoneal cavity 
are adversely affected. Such birds do not check the reproduction 
of Plasmodium lophurae so quickly as normal birds and hence ex- 
perience more severe infections.*” Intercurrent infections are not 
known to affect the natural resistance. An infection with Spirocheta 

P. A. Demina, Med. Par. and Parasit. Dis., 7: 578 (1938). 

”2R. D. Manwell, Am. J. Trap. Med., IS: 26S (1935) ; A. Giovannola, Riv. di 
Parassitol., 3: 1 (1939). 

R. Hegner, J. Parasitol. (Suppl), 26: 28 (1940). 

T. CoKRcshall, Am. J. Ilyg., 27: 615 (1938); W. H. Taliaferro and L. G. 
Taliaferro, /. Infect. Dh., 66: 153 (1940). 

G. H. Boyd, Am. J. Hyg., 18: 295 (1933). 

“«0. R. Causey, Am. J. Hyg., 30: 93 (1939, sec. C) ; C. M. Herman and A. I. 
Goldfarb, Am. J. Trap. Med., 19: 595 (1939). 

Tragcr, J. Parasitol. (Suppl.), 26: 28 (1940). 



THE MALARIAS I43 

gaUinarutn, for example, does not influence the resistance of fowls 
to Plasmodium gallinaceum.^^^ 

ACQUIRED IMMUNITY 
RESISTANCE TO REINFECTION 

The immunity against reinfection of birds which have recovered 
from an initial attack of malaria has been repeatedly demonstrated. 
The most satisfactory studies have been carried on in canaries after 
infection with Plasmodium cathcmerium^'^'^ Plasmodium circum- 
flexum,^-'> Plasmodium clongatum,^-^ Plasmodium praccox (rc- 
lictum) Plasmodium rouxi,^-' and Plasmodium vaughani.^-* 
Chickens also develop resistance to reinfection with the pheasant 
parasite Plasmodium lophurac}'-' Very few consistent immu- 
nological differences have been seen between different strains of bird 
malarial parasites belonging to the same species.'-’’ ;ind a very con- 
siderable amount of cross-immunity has been observed among many 
of the recognized species.'-^ As illustrative of this cross-immunity 
the following examples may be cited: birds with a latent infection of 
Plasmodium praecox or of Plasmodium cathemcrium are protected 
against reinfection with respect to both the homologous and the 
heterologous species of parasite.'-® Recovery from Plasmodium 
praexox infection likewise protects birds against both Plasmodium 
praecox and Plasmodium vaughani/-" and recovery from Plas- 

Lion, Bull. Soc, path, exot., 32: 713 (1939). 

W. H. Taliaferro and L. G. Taliaferro, J. Prevent. Med., 3: 197, 209 (1929). 

1-0 R. D. Manwell and F. Goldstein, Proc. Soe. Exper. Biol. & Med., 39; 426 
(1938), and J. Parasitol. {Suppl.), 24: 19 (1938). 

1“’ R. D. Manwell, Am. J. Ilyg., 27: 196 (1938). 

1-- F. Wolfson, J. Parasitol. {Suppl.), 24: 18 (1938). 

1-^ R. D. Manwell and F. Goldstein, J. Parnsitol. {Suppl.), 2 1: 19 (1938). 

R. D. Manwell, Proc. Soc. Exper. Biol. <*r Mrd.^ 32: 3 )1 (1934). 

T. CoRRcshall, Am. J. //v.ij., 27: 615 (1938) ; W. II. Taliaferro and L. G. 
TaXvdhrrOy J. In)ect. Dis., 66: 153 (1940). 

‘-‘1 R. D. Manwell and F. (joldstcin, Proc. Soc. Exper. Biol. & Med., 39: 426 (1938) , 
and J. Parasitol. (5m/>/)Z.), 24: 19 (1938) ; F. Wolfson and O. R. Causey, J. Parasitol., 
25: 510 (19.39). 

’-7 F. Wolfson, J. Parasitol. {Supply, 2A\ 18 (1938) ; R. D. Manwell and F. Gold- 
stein, /. Parasitol. {Suppl.), 24: 19 (1938). 

E. Sergent, E. Sergent, and A. Catanci, Bull. Soc. path, exot., 24: 327 (1931) ; 
W. Gingrich, J. Prevent. Med., 6: 197 (1932). 

R. D. Manwell, Proc. Soc. Exper. Biol. & Med , 32: 391 (1^34). 
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tnodium rouxi protects against both Plasmodium rouxi and Plas- 
modium circumfiexum.'^^ Cross-immunity is observed chiefly be- 
tween strains of similar virulence or when the original infecting 
strain has greater virulence than the subsequently superimposed 
strain. A weakly virulent strain will confer little or no resistance 
against a powerfully virulent parasite unless the immunity engen- 
dered by the poorly virulent organism can be significantly enhanced 
by multiple superimposed infections with this organism.^'*^ 

Some species of bird malaria appear absolutely distinct immu- 
nologically from those generally used in laboratory studies. For 
example, Plasmodium elongatum does not engender resistance to 
such species as Plasmodium praecox [relictum), Plasmodium cath- 
cmerium, or Plasmodium circumflexum, and it readily infects birds 
which have recovered from infections with such forms.’ The ac- 
quisition of immunity following infection is not prevented by the 
early administration of large doses of the specific drugs.''’’* 

Premunition. — Immunity to reinfection with bird malaria ap- 
parently requires the persistence in latent form of the original in- 
fection.^*** This latent infection sometimes lasts many years. "*“ 
Immunity in the absence of a demonstrable latent infection has 
only rarely been reported.'*"* The persistence of immunity, even to 
a heterologous superimposed strain, however, depends on the es- 
tablishment of a latent infection with the superimposed form. Such 
superimposed strains have been shown to remain latent in an im- 
nune bird for at least eight months.'**^ 

Relapse. — Complete recovery seldom occurs in bird malaria, 
and relapse is not unusual. Both short- and long-term relapses oc- 
cur, as in human malaria, short-term relapses being much more 
frequent. The relapse seems to have a seasonal occurrence, being 
greatest in the fall and winter. Neither the severity of the initial 

R. D. Manwcll and F. Goldstein, /. Parasilol. (Suppl.), 24: 19 (1938). 

“1 W. B. Redmond, J. Infect. Dis., 64 : 273 (1939). 

1’*! W.Kikuth,2e«lr(i/W./. Bakt., 121: 401 (1931) ; VV. GinRriLh,^. Prevent. Med., 
6: 197 (1932) ; R. D. Manwcll, Am,J. Hyfi., 27: 196 (1938). 

133 E. M. Lourie, Ann. Trap. Med., 28: 151 (1934) ; R. D. Manwcll, Am. J. Ilyg., 
9: 308 (1929). 

^3* W, Gingrich, J. Prevent. Med., 6: 197 (1932) ; E. Sergent, E. Sergent, and A. 
Catanci, ilnn. Inst. Pasteur, 53: 101 (1934). 

*35 W. H. Taliaferro, South. M. J., 24: 407 (1931). 

R. D. Manwcll, Proc. Soc. Rxper, Biol. & Med., 32: 391 (1934). 

137 C. G. Huff and E, Gambrcll, Am. J. Hyg., 19: 404 (1934). 
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infection nor drug treatment is believed to influence the tendency 
to relapse.^*® 

ANTIBODY PRODUCTION 

Until recently, antibodies had not been demonstrated in the bird 
malarias by any of the usual in vitro methods. Agglutinins, how- 
ever, have now been shown in the serum of canaries infected with 
Plustnodiutn ciycutnflcxufn,^'^^ Presumably, then, they occur char- 
acteristically in these infections. 

PASSIVE IMMUNITY 

The earlier attempts to transfer immunity passively in the bird 
malarias were for the most part unsuccessful,>“* but recent efforts 
have resulted more favorably.^’ In some cases merely the clinical 
symptoms are allayed by the administration of serum,’ '- but in 
others the actual number of parasites is reduced. When an espe- 
cially powerful serum is used, infection cannot infrequently be 
completely inhibited. i’’ The most satisfactory results thus far 
have been obtained with Phisviodinm circinnjlcxum in canaries 
and Plasmodium lophurae in chicks.’^’’ 

MECHANISM OF IMMUNITY 

The older point of view on the mechanism of acquired immunity 
to malaria in birds involved chiefly an increase in the number of 
the phagocytic cells — especially in the liver and the spleen — and 

R. D. Manwcll, Ain. J. Hy^.f 9: 308 (1929). 

R. T). Manwoll and F. Goldstein, J. Exper. Med., 71: 409 (1940). 

H. Taliaferro and L. G. Taliaferro, J. Prevent. Med., 3: 197, 209 (1929); 
W. Gingrich, J. Prevent. Med., 6: 197 (1932) ; E. Sergent, E. Sergenl, and A. Calanci, 
Ann. Inst. Pasteur, H3: 101 (1934). 

R. D. Manwell and F. Goldstein, Proc. Sac. Exper. Biol. & Med., 39: 426 
(1938) ; R. Hegncr and L. Eskridge, Am. J. Ilyg., 28: 367 (1938) ; R. Hegner and 
M. Dobler, Am. J. Ilyg., 30: 81 (1939, sec. C) ; R. D. Manwcll and F. Goldstein, 
/. Exper. Med., 71: 409 (1940) ; W. H. Taliaferro and L. G. Taliaferro, J. Parasitol. 
{Suppl.), 25: 29 (1939). 

i^-R. Hegncr and L. F:skridgc, Am. J. Ilyg., 28: 367 (1938). 

R. D. Manwell and F. Goldstein, J. Exper. Med., 71: 409 (1940). 

R. D. Manwcll and F. Goldstein, Proc. Soc. Exper. Biol. & Med., 39. 426 
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H. Taliaferro and L. G. Taliaferro, J. Parasitol. {Suppl.), 25: 29 (1939), 
and J. Inject. Dis., 66: 153 (1940). 
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Chart III 

THE DISAPPEARANCE OF WASHED MALARIA-PARASITIZED 
CELLS FROM THE BLOOD OF A BIRD IN THE LATENT 
INFECTION AND THE SURVIVAL OF THE SAME TYPE 
OF CELL IN A CONTROL UNINFECTED BIRD 



Both birds were injected intravenously with enough washed infected cells 
so that a few minutes later both showed an infection of about eight parasites 
per 10,000 red cells. In the bird with the latent infection they were removed 
from the circulation within twelve hours, but in the uninfected bird they 
survived and progressively increased in numbers, initialing a typical response. 


the enhancement of their capacity to function.’ '‘® Humoral anti- 
body, which had not been demonstrated in these infections at that 
time, was believed to play only a minor role, if any, in protection. 
The present viewpoint still assigns the cells the principal defensive 
function, but this function to be effective is now considered to re- 
quire the presence in the blood of an opsonizing antibody. A normal 
bird can check an incipient malarial infection at once if specific 
antibody is supplied passively to that bird in the form of serum 
from an immune bird. The mechanism of immunity in these infec- 

W. H. Taliaferro, South. M. J., 24 : 407 (1931) ; VV. Gingrich, J. Prevent. Med., 
6: 197 (1932) ; E. Sergent, E. Sergent, and A. Catanci, Ann. Inst. Pasteur, S3: 101 
(1934). 
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tions IS, thus, of a dual character; antibody first combines with 
the parasite to render it vulnerable to the action of the phagocytic 
cells, and these cells then actually remove the parasite from the 
blood stream and destroy it by digestion. It seems possible that 
the antibody is not present throughout the body in equal concen- 
tration, however, but is most available in those strategically placed 
organs, such as the spleen and the liver, which are best adapted for 
phagocytosing the malaria parasites and removing them from the 
circulating blood.^® Usually, in fact, the peripheral blood serum 
is distinctly low in content of antibody. 

The acquisition of immunity in bird malaria is a progressive 
phenomenon, not one which develops explosively. Some of the para- 
sites, for example, are destroyed even by the normal bird. The per- 
centage of organisms that are destroyed rises gradually, however, 
as the immunity begins to develop. Finally, the defensiv^c agencies 
are able not only to check further increase in tlie total number of 
the parasites but even to reduce the number present. Usually, how- 
ever, a few organisms survive and multiply even in the highly im- 
mune bird, although the infection always remains at a low level. 
Almost certainly a similar progressive development of Immunity 
occurs also in the malarias of man and of monkey.'^® 

PROPHYLAXIS 

Until recently, attempts to protect birds against malaria with 
killed organisms have not succeeded.’®” Intense vaccination with 
•formalin-killed parasites has now been shown to confer to canaries 
a significant degree of resistance against Phasmodium catheme- 
rium}''^ When living parasites of attenuated virulence are em- 
ployed, somewhat better results are obtained,’®- especially when the 
attenuation is accomplished by exposing the parasites to very low 
temperature.’®® No success follows the use of small doses of fully 

G. M. Findlay and H. C. Brown, Brit. J. Exper. Path., IS: 148 (193^). 

H. Taliaferro and W. Bloom, J, Parasilol. {Suppl.) j 24: 19 (1938). 

R. Hegner, Am. J. Hyg., 32: 24 (1940, sec. C). 

W. Jermoljewa and I. S. Boujanouskaja, Ztschr. /. Immiinitatsfonch. u. 
exper. Therap., 73: 276 (1932). 

W. D. Gingrich, J. Infect. Dis., 6S: 46 (1941). 

^®“E. Sergent, E. Sergent, and A. Catanci, Arch. Inst. Pasteur d’algerie, 12: 10 
(1934). 

w. B. Redmond, /. Parasitol {Suppl), 25: 28 (1939). 
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virulent organisms, however, since a single parasite is sufficient to 
establish a heavy infection. 

DIAGNOSIS 

Immunological procedures have not been used in the diagnosis of 
bird malaria. The Henry test is said to be positive in some of these 
infections.*®* 

Other Haemosporidial Infections 

BABKSIA INFECTIONS 

The most important Babesia infections are those of cattle, sheep 
and goats, horses, and dogs. The causal organisms of all these in- 
fections have only the most limited host range and generally are 
confined- to their natural hosts. Three species are found in cattle, 
the commonest being Babesia bigemina, which causes Texas cattle 
fever. This infection is of especial interest historically, since it was 
the first parasitic disease in which the acquisition of immunity to 
reinfection was demonstrated. It was also the first parasitic disease 
in which the persistence of the acquired immunity was shown to 
depend on the continued presence of the parasite in latent form in 
the blood and fixed tissues of the host (premunition).*'’® 

Older animals are, peculiarly, more susceptible to Texas cattle 
fever than young animals (reversed age resistance). If these young 
animals are inoculated with the parasite, they suffer only mild in- 
fection and thereafter successfully resist reinfection with the para- 
site. This fact has made possible the development of an effective 
method for vaccinating cattle against Texas fever. It has been 
widely used and has resulted in extensive saving of life, especially 
among cattle moved from northern to southern regions in the 
United States. 

Resistance is also developed by dogs through recovery from an 
initial infection with Babesia canis. In this case, too, the persist- 

i-’’''E. Brumpt and V. Chorine, Ann. de parasitol., IS: 372 (1937); I. L. Kritsch- 
ewsky and L. W. Demidowa, Zlschr. /. immimitatsforsek. u. exper. Therap., 80- 13S 
(1933). 

T. Smith and F. L. Kilbourne, Bur. Animal Industry (U.S. Dept. Auric ), B«H 
No. 1, 1-301 (1893). 
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ence of the immunity depends on the continuance of the original 
infection in latent form.^'® 

TUEILERIA INFECTIONS 

The Theilcria are found in cattle, sheep, and some other animals. 
They are highly specific forms, residing exclusively in their natural 
host. Several species have been described in cattle, the best known 
being Theilcria parva. Cattle which recover from a first infection 
are thereafter completely resistant to reinfection. The parasite is 
apparently wholly eradicated from the recovered animal, for ticks 
fed on such cattle do not become infected. No effective method of 
vaccination against Theilcria has yet been devised. 

HAEMOPROTEUS INFECTIONS 

One of the species of the genus Haemoproteus is IlaemoprotCHS 
columbac. This parasite is found in the pigeon, although probably 
it occurs also in many other birds. No immunity is acquired by the 
pigeon through recovery from an initial infection, although no rein- 
fection will occur so long as an earlier infection persists.’ The 
parasites typically persist for several years in the blood of pigeons. 

TOXOPLASMA INFECTIONS 

Organisms of uncertain nature and classification, known by the 
generic name Toxoplasma, have been described from \ arious verte- 
brates, including birds and mammals. They havf been recorded 
several times in man, in whom they are believed to cause an en- 
cephalitis. The organisms appear to have a rather broad host range. 
Human toxoplasma, for example, can infect the mouse and the 
rabbit as well as the chick, although not the Macacus monkey or 
the rat.^®® Young individuals are more susceptible than older ones. 
Human infections, for example, are generally confined to young 
children, although infection of adults also has been reported.^®** 

Apparently a considerable immunity is developed by recovery 

^®®H. E. Shortt and others, Indian J. M. Research, 2S: 763 (193S). 

G. R. Coatney, Am. J. Hyg., 18: 133 (1933). 

15H A. Wolf and D. Cowen, Bull. Neur. Inst. York, 7: 266 (1938) ; A. Wolf, 
D. Cowen, and B. Paige, Scitnee, 89: 226 (1939). 

Pinkerton and D. Weinman, Arch. Path., 30; 374 (1940). 
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from toxoplasma infection. The immunity has a fairly broad 
specificity, evidently, for animals which have survived an infection 
with the human toxoplasma thereafter resist reinfection not only 
with the human form but also with a toxoplasma found naturally 
in the guinea pig."*" A humoral antibody is developed in infected 
animals which protects against percutaneous infection if mixed 
with the organisms prior to their inoculation. No in vitro effect upon 
the organisms has been observed.*®^ 

i«o ^ Wolf, D. Cowen, and B. Paige, J. Exper. Med., 71: 187 (1940) ; A. B. Sabin, 
Proc. Soc. Exper. Biol. & Med., 41: 75 (1939). 

i'" A. B. Sabin and P. K. Olitsky, Science, 85: 336 (1937). 



chapter XIII 
THE COCCIDIOSES 


G occidiosis is insignificant as a human disease, since only a few 
hundred human cases altogether have been recorded. Among 
animals, however, the disease is extraordinarily important, being 
responsible for great economic loss, especially to raisers of chickens 
and rabbits. Since the complete life cycle of the human parasite has 
never been studied, our knowledge of the coccidia and the coc- 
cidioses is based chiefly upon observations in animal infections. 
This is true particularly of the immunology of coccidiosis, since 
essentially nothing in this field is yet determined with respect to 
the human infection. 


NATURAL RESISTANCE 


HOST RESTRICTION 

The coccidia are found practically universally in animals of the 
higher phyla, having been described from nearlj all species in 
which a thoroughgoing search has been made. Individually, how- 
ever, each species of coccidian has typically a very narrow host 
range, for generally only two or three species of animal at most, and 
many times only a single species, arc susceptible to infection. When 
more than one host is susceptible, the hosts are usually very closely 
related. 

The most limited range of host is seen with respect to coccidia 
of the genus Eimeria. For example, the rabbit parasites (Eitncria 
pcrforans and Eimeria stiedae) develop only in the rabbit among 
all the species of vertebrates. Likewise, the Eimerias of the chicken 
will infect only the chicken, not the pheasant, the turkey, or other 
birds. However, some members of this genus do infect more than 
one host, at least when the hosts are near relatives. For example, 
Eimeria magna will infect both the cotton-tail rabbit and the Bel- 
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gian hare, and Eimeria miyairii will infect both the brown and the 
black rat. Coccidia of the genus Isospora appear to have a some- 
what broader host choice. For example, Isospora jclis and Isospora 
rivolta infect both dogs and cats, and similar forms have been re- 
covered from many other carnivores. The possibility remains, how- 
ever, that many of those morphologically similar parasites found 
in the other carnivores are distinct species.' A recent study upon 
Isospora belli of man has shown that this form will not infect 
monkeys, puppies, or kittens.- 

The host restriction among the coccidia appears sometimes to 
depend on components of the digestive juice of the host. The diges- 
tive process of the natural host seems to facilitate the exeystation 
of the parasite. The sporozites thus freed may then infect this host’s 
tissue. In contrast, coccidial cysts pass through the intestine of 
unreceptive hosts without change.’’ 

FACTORS INFLUENCING NATURAL RESISTANCE 

Age. — Much of the evidence for age resistance among the coc- 
cidioses is inconclusive, because only a few experiments have been 
carried out in which the possibility of prior infection of the older 
animals used has been excluded. In Eimeria tenella infection of 
chicks, however, birds of all ages up to fifteen months have been 
shown to be susceptible to infection, although those over three 
months old are more resistant to the effects of the disease than 
those less than this age. In Eimeria nccatrix infection of chicks, 
however, very young birds suffer less intense infection than older 
ones, perhaps because of the disproportionately rapid rate of 
growth of the intestinal epithelium in the young birds.* 

Diet. — ^I'he diet is of significance in natural resistance against 
coccidia, although the precise factors which have greatest influence 
are still somewhat obscure. The most extensive investigations have 
been concerned with the coccidioses of the chick and of the rat, and 
these all show that the disease can actually be controlled by means 
of the diet.'’ Earlier workers recommended adding milk powder to 

‘ E. R. Becker, Coccidia and Coccidioses, Ames, Collegiate Press (1934). 

= A. Foner, 7V. Roy. Soc. Trop. Med. & Hyg., 33: 357 (1939). 

3 J. M. Andrews, J. Parasitol., 13: 183 (1927). 

^ E. E. Tyzzer, H. Theiler, and E. E. Jones, Am. J. Hyg., IS: 319 (1932). 

° E. R. Becker, Science, 86: 403 (1937). 
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the diet in order to combat chick coccidiosis/* but recent studies 
show that dried skim milk or dried buttermilk plus wheat middlings 
in an ordinary chick ration are the components chieflv responsible 
for a higher death rate in chicks experimentally infected with 
caecal coccidiosis and it is now recommended, therefore, that thes*' 
constituents be limited in the diet J Other components of the ration 
may also play a role. The addition of sulfur to the diet leads to a 
striking reduction in the mortality in chicks from Ehneria tenella 
infection, although birds fed much sulfur are retarded in growth « 
and often develop rickets.-' A diet rich in protein as well as in vita- 
mins A and B likewise appears to aid resistance to this parasite.^ ^ 
The addition of calcium carbonate to the ration, on the other hand, 
increases the mortality from Eimcria tcnclla}^ 

The rat coccidian, FJmeria mtyairW^ is hindered in development 
if the diet is deprived of vitamin G, but stimulated if the diet is 
rich in this vitamin, particularly v/hon it comes from yeast.^- Vita- 
min B, (thiamin chloride), on the contrary, exerts a restraining 
influence on oocyst production by Eimcria nicschtdzi in the rat.’-* 
Essentially no restraining role on the development of these coc- 
cidians is played by vitamins A or D,” however, or by such varied 
substances as skim milk, lactose, vinegar, iodine, nicotine worm 
powder, derris, pyrethrum, calomel, sodium bicarbonate, calcium 
carbonate, calcium chloride, disodiuin phosphate, or creolin.’-'* 
Careful biological assays carried out upon all the basic diet com- 
ponents indicate that wheat middlings and alfalfa meal are richest 
in coccidian growth-promoting substana;, to which Becker has 

*' J. R. Beach and J. C. Corl, Poult. Sd., 4: S3 (1925). 

" E. R. Becker and P. C. Waters, loua State Coll. J. Sd., 12: 405 (193cS) , E. R. 
Bcckcr and H. L. Wilcke, Poult. Sd., 17: 40S (1938). 

«C. A, Herrick and C. E. Holmes, Vet. Med., 31: 390 (193()). 

C. A. Herrick and C. E. Holmes, Wiscon. A[:r. Exp. Sta., Bull., No. 438, 36 (1937) ; 
C. E. Holmes, H. J. Deobald, and C. A. Herrick, Poult. Sd., 17: 136 (1938>. 
i^E. A. Allen, Am. J. Ilyg., IS: 163 (1932). 
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(1936), J. Parasitol., 23: 153 (1937), and Proc. Soc. Exper. Biol. & Med., 33: 487 
(1936). 

E. R. Bcckcr, Proc. Soc. Exper. Biol. & Med., 42: 597 (1939), and /. Parasitol 
{Suppl), 26: 26 (1940). 

E. R. Bcckcr and N. F. Morehouse, J. Parasitol, 22: 60 (1936). 

^•'■'E. R. Bcckcr and N. F. Morehouse, Proc. Soc Exper. Biol. &f Med., 32: 1039 
(1935) ; E. R. Becker and P. S. Spencer, J. Parasiml., 21: 455 (1935). 
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given the name coccidibios.^® Coccidibios is probably a complex of 
factors, but one of the most important seems to be vitamin 
Certainly the complex as a whole is water soluble and heat stable.’® 
The absence of the coccidibios from the diet is correlated with a 
decrease in the severity of coccidiosis in the rat. 


ACQUIRED IMMUNITY 
RESISTANCE TO REINFECTION 

If animals once are able to bring under control an initial infec- 
tion with coccidia, they will resist reinfection for at least short 
periods thereafter.’® In one of the earliest experiments thirty-three 
chickens which had recovered from severe coccidial infection re- 
sisted wholly without symptoms a test dose of coccidia which was 
fatal to sixteen (34 percent) of a control group and produced severe 
symptoms in all the remainder.-® Subsequent studies have con- 
firmed this finding. Very light infections, however, often fail to 
confer any demonstrable resistance to reinfection.-’ The acquired 
resistance is always rigidly specific.^- For example, rabbits which 
have become immune to Eimeria perjorans remain entirely sus- 
ceptible to FAmeria stiedaer^ 

Immunity to reinfection develops more rapidly against those 
coccidians which penetrate deeply and are most damaging to the 
host’s tissue.®* Thus, recovery from a single infection with Eimeria 
necatrix or Eimeria tenella, which penetrate deeply into the tissues, 

E. R. Becker and R. C. Derbyshire, lovia Stale Coll. J. Sci., 12: 211 (1037), and 
11: 311 (1937) ; E. R. Becker and N. F. Morehouse, /. Parasitol., 23: 153 (1937) ; 
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suffices to protect chickens from reinfection, whereas repeated in- 
fections with Eimeria mitts or Eimeria acervulina may be required 
to engender any measure of resistance whatsoever, since these last 
species induce infection of a more superficial character. 

Premunition. Such studies as have been reported indicate that 
immunity to reinfection with coccidia is absolute and does not re- 
quire the persistence in latent form of an earlier infection with the 
parasite."” Yet immunity is maintained only by periodic reinfection, 
since that which is acquired by recovery from any one infection is 
comparatively short-lived.-” 

ANTIBODY PRODUCTION 

Antibody is produced by animals infected with coccidia, although 
its formation has not yet been studied very satisfactorily. In arti- 
ficially immunized animals, complement-fixing antibody can be 
detected in about five days after the last immunizing injection. This 
antibody persists for about fifty days.-^ 

PASSIVE IMMUNITY 

Although antibodies have been demonstrated in animals whicli 
are immune to coccidia, the serum of such animalj has not been 
shown to confer resistance to other animals to which it is inocu- 
lated.-* 

MECHANISM OF IMMUNITY 

Most authorities agree that the serum antibody plays only a 
minor role, if any, in the immunity of recovered animals to reinfec- 
tion with coccidia.-" The widespread reticulo-endolhelial system 
likewise seems of little significance in regard to this immunity, since 
splenectomy and reticulo-endothelial blockade do not lower re- 
sistance. On the contrary, immunity in coccidiosis appears to be of 
distinctly local nature, having to do only with the epithelial cells 

F. Morehouse, J. Parasilol., 24; 311 (1938) ; E. E. Tyzzcr, H. Theilcr, and 
E. E. Jones, .im. J. Hyg., IS: 319 (1932). 

C. D. Lee, Iowa Slate Coll., Ames, Iowa, unpublished thesis (1932). 

G. W. Bachman, Am. J. Ilyg., 12: 624 (1930). 

-® G. W. Bachman, Am. J. Ilyg., 12 : 641 (1930) j E. R. Becker, Am. J. Hyg., 21: 
389 (193S) ; E. E. Tyzzer, H. Theiler, and E. E. Jones, Am. J. Hyg., IS: 319 (1932). 
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of the intestine or bile ducts. These cells in the immune animal 
appear either to protect themselves by preventing sporozoites from 
entering their cytoplasm or else by providing an unfavorable en- 
vironment for these sporozoites after they have gained entrance."*” 
Probably the two conditions not infrequently supplement each 
other. Morehouse •■** believes that in rats immune to Eitneria nie- 
sclmlzi the sporozoites are prevented from entering the epithelial 
cells. However, the sporozoites of Eimeria tenella have been found 
by Tyzzer and his co-workers "*- in the gland cells of immune chicks, 
where they remain for about twenty-four hours. After entering the 
cells, however, these parasites experience no further development, 
but soon die and disintegrate along with the cell which contains 
them. 

PROPHYLAXIS 

The vaccination of animals against coccidiosis by the inoculation 
of specific coccidial substance by various parenteral routes (for 
example, Eimeria tenella in the wing vein of chicks; •"*•'* Eimeria 
miyairii intraperitoneally in rats; *** Eimeria perjorans intraperi- 
toneally in rabbits ■* ’) does not protect the injected animal from 
subsequent coccidial infection, even though antibodies can be de- 
tected in the serum of such vaccinated animals.”'* However, animals 
can be protected by previous infection through feeding small doses 
of living coccidia.'*^ When small numbers of oocysts are fed daily 
for about fifteen days, fowls become resistant. This resistance is 
rigidly specific."*** Somewhat improved results are obtained if the 
oocysts are heated prior to administration, since larger doses can 
then be given and a higher grade immune response elicited."*® Often 
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fowls thus immunized are completely resistant to usually fatal 
doses of the specific parasite subsequently administered. 

DIAGNOSIS 

Immunological reactions have little promise in the diagnosis of 
coccidial infections. Antibody cannot be detected in the serum of 
infected animals by the precipitin test,*® although its presence is 
often, though not regularly, revealed by the fixation test.** Skin 
tests also have as yet proved unsatisfactory for practical use,*- al- 
though guinea pigs are said to give a positive skin reaction for some 
weeks after recovery.*-’ However, since oocysts can with compara- 
tive ease and regularity be found microscopically in the feces of 
infected animals, it is seldom or never necessary to resort to biologi- 
cal procedures for aid in the diagnosis of these infections. 

G. W. Bachman, Am. J. //yg., 12: 624 (1030) ; E. E. Tyzzer, H. Thcilcr, and E. 
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chapter XIV 

THE TREMATODIASES 


T he life cycles of most human trematode parasites have been 
determined only in recent years, and that of several species 
is still obscure. Experimental infections with these forms have been 
possible, therefore, only lately and information upon the relevant 
immunology of the entire group of organisms is even now not abun- 
dant. Most of what is known is concerned with human schistoso- 
miasis or with fascioliasis of sheep and cattle. Probably, however, 
much of the immunological knowledge of these two infections will 
be shown eventually likewise to apply to the other trematodiases. 
Two facts stand forth prominently from the studies performed thus 
far: (1) trematodes in general have somewhat broader vertebrate 
host range than most other kinds of parasites; and (2) the im- 
munity acquired against those forms (especially blood stream in- 
vaders) that produce definite damage to the host tissue is of a more 
effective level than that against essentially harmless species (those 
residing in the intestinal lumen). 

Schistosomiasis 

NATUKAL RESISTANCE 

HOST RESTRICTION 

The three species of human schistosomes differ among them- 
selves considerably in their infectivity. Schistosoma mansoni has 
the most restricted range, being found naturally in man exclusively, 
although it will readily infect a number of other primates experi- 
mentally, as well as all of the usual laboratory rodents. Schistosoma 
hematobium is found naturally in monkeys, as well as man, and will 
also infect many laboratory rodents. In contrast with these forms. 
Schistosoma japonicum is found naturally in human beings, cats. 
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dogs, goats, cattle, and pigs, and will infect experimentally many 
monkeys, the horse, and the laboratory rodents. All of the human 
schistosomes have very narrow choice of molluscan host. Usually 
each species infects only snails of a single genus. 

The schistosomes of animals likewise have a comparatively 
broad host range. Schistosoma spindale, for example, is found 
naturally in cattle, sheep, goats, horses, and antelopes, and has been 
suspected occasionally of infecting man as well. The species will 
also infect guinea pigs and perhaps other laboratory animals ex- 
perimentally. 

FACTORS INFLUENCING NATURAL RESISTANCE 

Very few factors are yet known to have significance in natural 
resistance against schistosomiasis. The age of the vertebrate host 
probably is significant. At least human infections with schisto- 
somiasis are most severe in children between five and eleven years 
of age and new infections are rarely contracted by persons over 
forty years old.’ The absence of the infection from native children 
below five years of age does not result from an immunity of the 
young child, but is explained by the fact that their mothers wash 
the babies only in warmed water. Generally the water is heated 
sufficiently to destroy the infective stage of the piuasite.- The 
significance of the sex of the host, the diet, intercurrent infection, 
and many other factors on natural resistance of man to schisto- 
somes has not yet been determined. Rats on a vitamin-A-free diet, 
however, are known to have less resistance to experimental infec- 
tion with Schistosoma mansoni than have normal animals. 

ACQUIRED IMMUNITY 
RESISTANCE TO REINFECTION 

Man has not yet been shown to resist reinfection after erperienc- 
ing an initial infection with schistosomes. Dogs and monkeys, how- 
ever, do acquire some measure of resistance following a first ex- 

ip. K. Dixon, Tr. Roy. Soc. Trap. Med. & Hyg., 27: SOS (1934) ; A. C. Fisher, 
Tr. Roy. Soe. Trap. Med. & Hyg., 28: 277 (1934) ; G. W. St. C. Ramsay, Wat Afri- 
can M. 8 : 2 (1934). 
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posure. If dogs are cured of a first infection by means of an injec- 
tion of stibnal, they will resist fairly well a subsequent infective 
dose of schistosome cercariae.'* Monkeys, which are naturally com- 
paratively resistant to initial infection with Schistosoma spindale, 
permitting only partial development of the parasite, acquire an 
almost complete immunity to subsequent attacks. Practically no 
development whatsoever of the parasite takes place in the veins 
of immune monkeys.''"’ 

ANTIBODY PRODUCTION 

Since the schistosomes develop within the blood stream of the 
host, antibody should always be expected in schistosomiasis. For 
the most part this expectation is realized. The production of 
complement-fixing antibody has been studied with especial care in 
goat infections with Schistosoma spindale, the serum having been 
tested with an antigen derived by alcoholic extraction of the livers 
of snails heavily infected with the homologous schistosome. Practi- 
cally all goats develop antibody by the seventh week if they have 
experienced a significantly intense infection, and they are usually 
positive within two weeks.® The antibody level is generally sus- 
tained for at least twelve months thereafter and often well into the 
second year. 

Rabbits and dogs also develop antibody after infection with 
schistosomes. Dogs may not manifest it before the eighth or the 
tenth week, but rabbits are usually positive by the third week after 
infection. Vaccinated rabbits have antibody in their blood within 
five days or so after the last of a series of immunizing injec- 
tlons.'^ Humans also develop antibodies in schistosomiasis. The test 
for this antibody is a useful aid in the diagnosis of the disease. 

PASSIVE TRANSFER 

Immunity to schistosomiasis has not been conferred passively by 
the inoculation of serum containing antibody. 

* M. Ozawa, Jap. J. Exper. Med., 8 : 79 (1930). 

® N. H. Fairley, F. P. Mackie, and F. Jasudasan, Ind. Med. Res. Mem., Suppl. Ser. 
to Indian J. M. Research, Mem. No. 17 (1930), Part IV. 
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MECHANISM OF IMMUNITY 

The basis of the immunity in schistosomiasis is obscure, since it 
has not as yet been adequately studied. The immunity would ap- 
pear to depend largely upon the action of the serum antibody, and 
this antibody to interfere markedly with the development of the 
parasites, for parasites which succeed in entering a host whose 
blood contains antibody usually develop imperfectly and generally 
fail to reach maturity.® What role the body defensive cells play in 
this immunity is as yet unknown, although they certainly could be 
expected to act in an auxiliary capacity to the antibody. The forma- 
tion of pseudotubercles about schistosome eggs which lodge in the 
liver and elsewhere provides evidence that the cells respond to the 
presence of the invader. 

PROPHYLAXIS 

No immunological procedures have been invoked in the prophy- 
laxis of human schistosomiasis. Dogs, however, can be partially 
immunized against the infection by the injection of a suspension 
of adult schistosomes.” 

DIAGNOSIS 

Undoubtedly the most valuable contribution of immunology 
thus far in the study of schistosomiasis is the deveh.pment of tests 
which identify the disease. The complement fixation test, the pre- 
cipitin test, and the skin test all serve well for this purpose. Follow- 
ing the development of an acceptable technic by Fairley,'" many 
others have used the fixation test successfully," and this reaction 
is the one most highly regarded for diagnosis at the present time. 
Apparently any mammalian schistosome will serve as a source of 

" M. Ozawa, Jap. J. Exper. Med., 8 : 70 (1930) ; N. H. Fairley, F. P. Mackie, and 
F. Jasudasan, Ind. Med. Res. Mem., Suppl. Ser. to Indian J. M. Research, Mem. No. 
17 (1930), Part IV. 

“M. Ozawa, Jap. J. Exper. Med., 8: 79 (19.10). 

i"N. H. Fairley, Arch. f. Schiffs-u. Tropen-IIyg., 30: 372 (1928). 

” B. Imai, Japan M. World, 8: 273 (1928) ; K. D. Fairley and N. H. Fairley, M. J. 
Atislralia, 2: S97 (1929) ; N. H. Fairley, J. Ilelminthol, 11: 181 (1933) ; N. H. Fair- 
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antigen for diagnosing any schistosome infection.^* Generally the 
antigen is obtained by extracting in alcohol snail livers which are 
heavily infected with some mammalian schistosome. Positive fixa- 
tion tests have also been reported in schistosomiasis when extracts 
of Fasciola hepatica have been employed as the antigen. 

The precipitin test has had comparatively limited use for diag- 
nosing schistosomiasis,^® perhaps because it is considered less sen- 
sitive than the fixation test. In one series of known cases only SO 
percent gave a positive precipitin reaction. Usually saline or 
Coca’s solution extracts of the adult schistosomes or of schisto- 
some-infected snail livers are employed as antigen in precipitin 
tests.’® 

The skin test is the most promising diagnostic aid in schisto- 
somiasis, because it combines accuracy of result with simplicity of 
performance. Saline extracts of triturated adult worms or of heavily 
infected snail livers serve as antigen, and positive reactions provide 
strong evidence for infection with schistosomes.’® The test is ex- 
clusively of diagnostic value, however, and gives no index of the 
result of treatment, for positive skin reactions persist for years 
after the need of treatment is ended.” Experimentally infected 
rabbits also give a positive skin reaction.’® Prausnitz-Kiistncr re- 
actions can be performed in the skin of normal persons after local 
sensitization with serum from an infected individual.’® Probably 
any mammalian schistosome will serve as the source of the skin- 
testing antigen in schistosomiasis.®® The rather remotely related 
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cattle liver fluke F asciola gigantica also supplies suitable antigens 
for the test.®’^ 

SCHISTOSOME DERMATITIS 

Many persons suffer a characteristic dermatitis after cercariae 
of the schistosomes of animals penetrate their skin.-- .Although 
only a slight pricking sensation is noticed at the time of penetration, 
by the next day a distinct papule develops which attains greater 
size and severity in the ensuing three or four days. The reaction 
subsides thereafter, although traces of the small lesions are often 
visible even three or four weeks later. The reaction is not given by 
all persons. Very severe reactions are seen in those who have been 
repeatedly exposed to schistosomes.-^ One investigator of the prob- 
lem, who has been exposed both naturally and experimentally many 
times since 1934, has reported that his reactions have increased in 
severity every year.^^ 

The cercariae of the animal schistosomes are actually destroyed 
after penetrating the epithelial layer of the skin of man. Neutrophils 
and lymphocytes first invade the edematous area about the para- 
site, and these are followed in a few hours by many eosinophils. 
These responses are probably markedly accelerated as a result of 
repeated exposure to cercariae, and in persons who are highly re- 
active a good cellular response can be expected in about forty-eight 
hours.-® It seems possible that the reaction is aided significantly 
by the natural cercaricidal action which normal human serum has 
been shown to have for many of the animal schistosomes.-'* 

Most investigations upon schistosome dermatitis have been car- 
ried on with any of six species of animal schistosomes, and these 
are all known to elicit the reaction in man. Opinion is divided, how- 
ever, as to whether the cercariae of the human schistosomes also 
cause dermatitis when penetrating the skin of man. Most authori- 
ties incline to the view that the human schistosome cercariae cannot 
elicit the reaction in man,-^ and certainly the reaction to the human 
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schistosomes is comparatively less, if it occurs at all. On the other 
hand, the human schistosomes, as well as some of the animal forms, 
do elicit the reaction in animals.-® In general the reaction can be 
expected most regularly in strange hosts in which the schistosome 
cannot continue its development. 

Fascioliasis 

NATURAL RESISTANCE 

Fasciola hepatica has one of the broadest host ranges of all the 
trematodes. It has been found naturally in sheep, cow, antelope, 
horse, beaver, squirrel, camel, kangaroo, and still other mammals 
including man, and can be established experimentally in the rabbit 
and the guinea pig. Its potential snail host is likewise broad, snails 
of no less than eight different genera being susceptible to infec- 
tion. Because this parasite has comparatively little difficulty in 
finding either vertebrate or invertebrate hosts, it enjoys cosmo- 
politan distribution. Little is known, however, of the factors which 
govern the natural resistance of hosts which are insusceptible to 
infection with it. 


ACQUIRED IMMUNITY 

Once infected with Fasciola hepatica, animals retain the para- 
sites for such protracted periods that studies on the resistance of 
recovered animals are not feasible. Furthermore, it is not known 
whether animals while infected will resist a superimposed infection. 
A partial resistance can be induced artificially, however, in rabbits 
by vaccinating them with an emulsion of the parasite over a period 
of three weeks.-® Flukes which later establish themselves in such 
immunized rabbits soon become calcified, and they fail to reach 
maturity. Eggs never appear in the feces of infected immune hosts. 

Infections with Fasciola hepatica can be identified by the fixa- 
tion ®® and precipitin reactions,®* as well as by the skin test.®-’ There 

Vogel, Arch. /. Schiffs-u. Tropen-Hyg., 36: 384 (1932); E. C. Berber, J. 
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is a comparatively broad specificity in the reactions, however, for 
Fasciola antigens will also serve for diagnosing schistosomiasis •** 
as well as infection with Dicrocoelium dendriticum}'* Some authori- 
ties feel that immunological tests have little place in diagnosing 
Fasciola infections, since eggs of the parasite can he found in the 
feces of infected animals without difficulty.-' * 

Other Trematodiases 

The immunology of only a few other trematode infections has 
been studied at all, and these involve strictly animal parasites of 
no great economic importance. Fish acquire a partial immunity to 
the monogenetic trematode Epibddla mrlleni on being placed in 
aquarium tanks with the parasite. Initially the fish become intensely 
infected, but gradually they lose their parasites, and they are not 
reinfected despite continued exposure."" Intestinal infections of 
fish with various species of Ilamacreadium do not confer an ap- 
preciable resistance to reinfection with the homologous form."^ 
Similarly, cloacal infection of herring gulls with Parorchis acanthus 
does not protect these birds against a second infection with the 
same parasite.-*" The failure of these last infections to elicit a sig- 
nificant immune response in the infected animals is not especially 
surprising, because when compared with the schistosomes the para- 
sites cause only insignificant damage to their hosts. However, 
ducks and rats have been shown to acquire resistance to the caecal 
trematode Zygocotylc lunata as a result of a prior infection. 

Additional Immunological Subjects 
cercaricidal action of normal serums 

Although the normal blood serums of many animals have long 
been known to possess bactericidal power and that of certain pri- 
mates to neutralize filterable viruses or to lyse trypanosomes, no 
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similar action of normal serum upon helminths was known until 
recently. It has now been established that the fresh serum of many 
animals, representing all classes of vertebrates, has such an action 
upon the trematode cercariae, quickly killing these forms and often 
lysing them. The serums of some animals, however, including the 
cat and the rabbit, lack the property. The substance responsible 
for this antagonistic action is highly labile, since it is lost quickly 
by heating or desiccation and by storage. Agencies which destroy 
complement also inactivate the cercaricidal power, although the 
cercaricidal effect is believed to be distinct from complement. The 
cercaricidal action of the serum may be in part responsible for 
natural resistance. Infection often fails in animals whose serums 
possess the cercaricidal property, although in other cases no such 
correlation is observed.*** The cercaricidal action of human serum 
may account in part for the severe local dermatitis in man after 
exposure to certain animal schistosomes.* ' 

The mucus of certain fish manifests an action on monogenetic 
trematodes essentially similar to that described for the normal 
serum. Usually the mucus of highly resistant fish exerts the most 
powerful action, whereas that of very susceptible species affects 
the parasites only slightly.*- The mucus is therefore believed to 
have some significance in the natural resistance of fish to their 
trematode parasites. 

IMMUNITY IN THE MOLLUSCAN HOST 

Brief consideration must be given the development of immunity 
against trematodes by the molluscan host. The problem has been 
carefully investigated in snails. It is known that cercariae which 
have been freed from a snail never reinfect the same individual to 
pass their metacercarial stage, nor do they infect other snails al- 
ready infected with the same parasite.*'* Furthermore, double in- 
fections involving certain species of cercariae seldom or never occur, 

** J, T. Culbertson and S. B. Talbot, Science, 82: S2S (193S) ; J. T. Culbertson, J. 
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43 G. F. Winfield, J. Parasitol, 19: 130 (1932) ; L. 0. Nolf and W. W. Cort: J. 
Parasitol, 19: 38 (1933). 
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evidently because the immune response made by the snail to one 
trematode is exerted also against some other species.'*'* From these 
observations it is clear that snails acquire an immunity after infec- 
tion by trematodes. To this can be added the well-established fact 
that any species of snail is naturally resistant to many trematodes. 
In fact, most trematodes invade only a sharply limited range of 
snail hosts, these often being found within a single genus. 

W. W. Cort, D. R. McMullen, and S. Brackett. J. Parasitol., 21: 4.13 (1935). 



chapter XV 
THE CESTODIASES 


T he cestode parasites occur both as dwellers in the intestinal 
lumen and as somatic tissue invaders in both man and ani- 
mals. Generally, the immunological response to the lumen-dwelling 
forms is meager, and sometimes it is impossible to demonstrate. In 
contrast, powerful immune reactions usually are made to the so- 
matic parasites. The site occupied by each cestode should therefore 
be kept in mind while reading the present chapter. 

Diphyllobothrium Infections 

NATURAL RESISTANCE 

HOST RESTRICTION 

The most important member of the genus Diphyllobothrium, 
namely, Diphyllobothrium latum, has a comparatively broad choice 
of host in all of its developmental stages. As an adult it occurs in 
most fish-eating mammals, particularly in the carnivora (dog, fox, 
cat, mink, bear, sea lion, walrus), but also in man and pig. The 
procercoid stage is confined to several species of copepod of the 
genera Diaptomus and Cyclops. A large number of fresh-water fish 
serve as hosts for the plerocercoid or sparganum stage, some of the 
commoner forms being pike, perch, cel, white fish, salmon, and 
trout. 

Another species of this genus, Diphyllobothrium mansoni, has 
some importance as a human parasite in the Far East. Its adult 
stage occurs in many carnivores, but probably never in man. The 
first larval stage infects copepods of the genera Diaptomus and 
Cyclops. The second larval stage invades snakes and frogs prin- 
cipally, but also man, both by transmission from the cold-blooded 
vertebrates and by ingestion of the copepod host. 

Man is also susceptible to experimental infection with the spar- 
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ganum of one other species of Diphyllobothrium, DiphyUobothrium 
tncnsonoides, a form living as an adult in several carnivora (for 
example, dog, cat, and bobcat). The first larval stage infects 
several species of Cyclops, and the second larval stage, or spar- 
ganum, invades the water snake and field mouse, as well as (prob- 
ably) man and certain monkeys. The sparganum is able to re- 
establish itself without further development on transfer to several 
animals, including man, Macacus rhesus and ring-tail monkeys, 
and mice and rats. 

From the foregoing it is clear that tapeworms of the genus 
Diphyllobothrium have a broad potential host range not only for 
their adult stage but also for the sparganum stage. The factors 
which determine natural resistance are not yet known. The age of 
the host may be significant. One spiecies of Diphyllobothrium which 
is found naturally in gulls occurs almost exclu.'.ivcly in young birds. 
This form is regularly eliminated by the gull when an age is reached 
at which the host’s body temperature is established at a high level 
and at which the host is completely feathered.' 

ACQUIRED IMMUNITY 
RESISTANCE TO REINFECTION 

Little is yet known of immunity acquired through infection with 
the Diphyllobothrium tapeworms, although according to one re- 
port an immunity against reinfection is developed 'oy man, lasting 
two or three years. Furthermore, dogs which already harbor Taenia 
serrata are refractory to a superimposed infection with Diphyl- 
lobothrium.- The immunity in both cases is probably lost when 
the worms of the original infection are expelled," and the possibility 
remains that the apparent immunity is more truly a matter of para- 
site crowding in the intestine. 

ANTIBODY PRODUCTION 

Antibody is produced very poorly after infection with adult 
Diphyllobothrium tapeworms and is usually not detectable.'* How- 

^ L. J. Thomas, Anat. Rec. (Stippl.)^ 78: 104 (1940). 

“ E. Brumpt, Precis de parasitologic, Paris, Masson ct Cie (1937) ; V. Tarassov, 
Ann. de parasitol., IS: 524 (1937), 

^ R. Wigand, Zentralbl. /. Bakt., 13S: 216 (1935). 

‘0. Sievers, Ztschr. /. Immunitdtsjorsch. u. exper. Thcrap., 84: 208 (1935). 
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ever, complement-fixing antibody appears in the serum of monkeys 
after infection with the sparganum of Diphyllobothrium tnanso- 
noides.'^ Antibody against the adult worms can be elicited in animals 
by inoculating extracts of the adult worm,® and it has been reported 
also in persons with Diphyllobothrium anemia after the oral ad- 
ministration of the worm substance to the patients.'^ 

PROPHYLAXIS 

Only a few efforts to protect animals against experimental infec- 
tion with Diphyllobothrium parasites by vaccination have been 
reported. Puppies are said to become partially immune to Diphyl- 
lobothrium latum after subcutaneous or oral administration of the 
worm substance.® Monkeys given repeated injections of adult 
Diphyllobothrium mansonoides substance resist subsequent ex- 
posure to the procercoids of this cestode. The resistance of the 
monkeys is manifested, not by a lesser number of parasites, but 
by their encapsulation in the vaccinated animals compared with 
the controls. Furthermore, the condition simulating elephantiasis 
noted in the control animals after infection with procercoids is 
not observable in vaccinated monkeys.® Prophylaxis of man by 
vaccination is perhaps inadvisable and has not as yet been at- 
tempted. 

DIAGNOSIS 

Since neither the antigen of Diphyllobothrium latum nor anti- 
body specific for it can regularly be found in the serum of human 
carriers of the parasite, serological tests are generally useless for the 
diagnosis of this infection.’® Occasionally skin tests with Diphyl- 
lobothrium latum substance are positive, although the skin test as 
yet has been too little used to ascertain its value as a diagnostic 
aid." The serums of dogs which have suffered an intensive infec- 

J. F. Mueller and O. D. Chapman, J. Parasitol., 23; S61 (1937) . 

“O. Sievers, Ztsekr. /. Immunildtsforsch. u. exper. Tkerap., 84: 208 (193S). 

’’ O. Sievers, Acta Med. Scandinav., 96: 289 (1938). 

“T. Ohira, Tr. Far East. Assoc. Trap. Med., 9th Cong., 1: 601 (193S). 

® J. F. Mueller and O. D. Chapman, J. Parasitol., 23; S61 (1937) ; J. F. Mueller, 
Am. J. Trop. Med., 18 : 303 (1938). 

1*0. Sievers, Ztsekr. /. Immunitatsforsch. u. exper. Therap., 84; 208 (193S). 

" M. Brunner, J. Immunol., IS: 83 (1928). 
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tion with DtphyUobothnum mansoni deviates complement when 
added to an extract of the adult parasite.^* 

The detection of complement-fixing antibodies serves to identify 
infection with the sparganum of Diphyllobothrium tnansonoides in 
Macacus rhesus. The presence of as few as two spargana in the 
tissues suffices to elicit the fixation antibodies.^^ 

Taenia T>.TTfT7r'TTONs 

NATURAL RESISTANCE 

HOST RESTRICTION 

Cestodes of the genus Taenia are characterized by extre nely 
limited choice of host both for the adult and for the larval (cysti- 
cercus) stage. Often the aault parasite, particularly, invades only 
a single vertebrate species. Taenia saginata and Taenia solium, for 
example, occur as adults only in man. The cysticercus of Taenia 
saginata likewise has a sharply restricted host range, this form 
occurring only in cattle. The range of the cysticercus of Taenia 
solium is .slightly broader, including both man and pig. 

The animal Taenias also have a restricted choice of host. Taenia 
serrata is found as an adult only in the dog and the cat and as 
a cysticercus only in the rabbit. Likewise, the adult Taenia eras- 
sicollis infects only felines including the cat and several wild cats, 
and its cysticercus only rats and mice. 

Although few species of animals are susceptible to infection with 
each of the Taenia cestodes, the factors responsible for the natural 
resistance of other animals are obscure. In some cases natural re- 
sistance is correlated with the presence of certain enzymes in the 
digestive juice, although such a relationship is not yet established 
experimentally. Older rats are more resistant to cysticercosis than 
young rats. Female rats are more resistant to cysticercosis than are 
male animals. The females lose some of this resistance if cas- 
trated or if given the male sex hormone, whereas male rats treated 
with female sex hormone manifest an enhanced resistance.’* 

^“M. Ravetta, Haematologicaj 18: 69 (1937). 

J. F, Mueller and O. D. Chapman, J. ParasHoL, 23: S61 (1937). 

H. Campbell, Science, 89: 415 (1939) ; D. H. Campbell and L. R. Mcleher, 
/. Infect, Dis., 66: 184 (1940); M. R. Curtis, W. F. Dunning and F. D. Bullock, 
Am. J. Cancer, 17: 894 (1933). 
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ACQUIRED IMMUNITY 
RESISTANCE TO REINFECTION 

The fact that man usually suffers infection only with a single 
intestinal tapeworm is often interpreted as evidence of immunity to 
reinfection. However, the readiness with which tapeworms are 
regenerated in man from scolices not dislodged along with the 
proglottids by anthelminthics suggests either that any immunity 
against reinfection is of very brief duration or else that the initial 
infection must persist in order that immunity be manifested. 

The question of resistance to a superimposed infection with ces- 
todes has been studied carefully in animals infected with either the 
adult or the larval stage of Taenia crassicollis. The presence of 
adult worms in the intestine of the cat does not protect this animal 
from reinfection.’® Rats, on the other hand, which have suffered 
an initial somatic infection with the cysticerci resist a second feed- 
ing of onchospheres.’” The resistance of the rat persists for at 
least two months, even when those cysticcrci which have developed 
from the initial feeding of onchosphercs are surgically removed.”' 
Likewise, rabbits become resistant to reinfection with onchospheres 
of Taenia serrata, and cows acquire resistance to reinfection with 
the onchospheres of Taenia saginata as a result of an initial infec- 
tion with the homologous cysticerci.”* The resistance against the 
cysticercus of rats is transmitted by female animals to their 
young.”' 

The resistance acquired against either somatic or intestinal ces- 
todes is generally rigidly specific. An established infection with 
Taenia serrata in the dog, however, is said to inhibit an artificially 
superimposed infection with Dipliyllobotkrhm latum;-^ although 
this effect may more safely be credited to crowding than to an im- 
mune response. 

i'' H. M. Miller, Jr., J. Prevent. Med., 6: 17 (19.12). 

'"H. M. Miller, Jr., Proc. Soc. Exper. Biol. & Med., 28: 467 (19.11). 

” H. M. Miller, Jr., and E. Massic, J. Prevent. Med., 6: 31 (1932). 

K. B. Kerr, Am. J. Hyg., 22: 169 (193S), and J. Parasitol, 20: 328 (1934) ; W. J. 
Pcnfold, H. B. Penfold, and M. Phillips, M. J. Australia, 1: 417 (1936). 

i®H. M. Miller, Jr., Proc. Soc. Exper. Biol. & Med., 29: 1124 (1932), and Am J 
/rK.,21: 456 (193.'!). 

R. Wigand, Zentralbl. f. Bakt., 135: 216 (1935). 
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ANTIBODY PRODUCTION 

Antibody is regularly demonstrable in somatic Taenia infections, 
although in the intestinal taeniases its demonstration is difficult or 
impossible. In Taenia solium cysticercosis of man and of pig, 
complement-fixing antibodies and precipitins are detectable.- ‘ Two 
types of functional antibody have been described in rats infected 
with cysticerci of Taenia crassicollis. The first is detectable during 
the first week of infection and acts directly on the larvae before 
their encystment and sometimes destroys them. It is an absorbable 
substance which can also be elicited by vaccination. The second 
antibody is detectable only several weeks after infection and acts 
on larvae after their encystment. The latter substance is not ab- 
sorbable and is not elicited by vaccination.-- • 

PASSIVE IMMUNITY 

The serum from animals with somatic Taenia infections confers 
to normal animals resistance against the homologous parasite. This 
fact has been demonstrated most conclusively in the case of rats 
infected with the cysticerci of Taenia crassicollis. If the serum is 
given simultaneously with the feeding of onchospheies, it prevents 
almost completely the development of the cysticerci, although when 
given more than nine days after the onchospheres are fed, little 
or no inhibition of cysticercal development occurs.--' Serum ob- 
tained from rats which have been heavily infected for at least ten 
days is best for passive protection, but that from rats artificially 
immunized with tapeworm substance also serves.-' Immunity 
against Infection with the cysticerci of Taenia srrrata can also be 
passively transferred in the serum from infected or artificially 
immunized rabbits to normal rabbits.--' 

-' W. P. MarArthur, Tr. Roy. ^oc. Trap. Med. & Hyg., 26: .';2S (19.VU ; J. Roth- 
feld, Deutsche Zlschr. f. Nervenkeilk., l.U: 93 (193.S) ; A. Tniwinski, ilentmlhl. /. 
Bakt., 136: 116 (1936). 

-- D. H. Campbell, J. Immunol.^ 35: 205 (1938). 

M. Miller, Jr., Proc. Soc. Exper. Biol. & Med., 30: 82 (1932), and Am. J. 
Ilyg., 19: 270 (1934). 

H. M. Miller, Jr., and M. L, Gardiner, J. Prevent. Med., 6: 479 (1932). 

K. B. Kerr, Am. J. Hyg., 22: 169 (1035) ; A. B. Leonard, Am. J. Hyg., 32: 117 
(1940). 




Figure 3 


DIAGRAMS OF LIVER LOBES OF TWO IMMUNIZED AND 
ONE CONTROL RAT INFECTED WITH 600 ONCHOSPHERES 
OF TARSIA CRASSICOLUS 

Relative number and size of living cysts and of dead cysts in artificially 
immunized and control animals arc shown. The rats were autopsied 26 days 
after infection. 
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MECHANISM OF IMMUNITY 

The mechanism of the immunity against reinfection with cysti- 
cerci undoubtedly depends primarily upon the action of humoral 
factors, inasmuch as serum transferred from highly immune ani- 
mals will completely protect normal animals. The serum may be 
directly parasiticidal in function, but probably the fixed tissues of 
the host also play a role. The intestinal mucosa of immune rabbits, 
for example, seems to present a significant mechanical barrier 
against infection with onchospheres of Taenia serrata. At least, 
the further development of onchospheres is completely inhibited in 
immune animals infected by gavage, whereas, if hatched oncho- 
spheres are injected into the mesenteric vein, they experience some 
development. Usually, however, the developing forms are soon 
killed from local tissue responses initiated undoubtedly by the 
presence of specific antibody. In normal rabbits, for example, the 
slight local tissue response which generally occurs to the cysticerci 
of Taenia serrata can be markedly accelerated and intensified by 
the injection of a specific immune serum.“® 

PROPHYLAXIS 

When rats are repeatedly injected parenterally with the sub- 
stance of dried, adult Taenia crassicoUis, they acquire resistance 
to infection with the cysticerci of this parasite.-^ The resistance 
thus acquired persists for at least several months after the last 
immunizing injection.-® Partial protection is also afforded by in- 
jecting the rats with antigens from other worms of the same genus 
or with material from worms of the related genus Ilymenolepis.-^ 
To be effective for prophylaxis an antigenic emulsion must contain 
the proteins of the worm.®'* At least, when the purified polysac- 
charide of the cysticerci of Taenia crassicoUis is injected, little or 
no immunity is developed, even though antibody is formed against 
the polysaccharide.®' 

In similar manner immunity can be conferred upon rabbits by 

A. B. Leonard, Am. J. Hyg., 32 ; 117 (1940) . 

2" H. M. Miller, Jr., Proc. Soc. Exper. Biol, dr Med., 27: 926 (1930). 

H. M. Miller, Jr., /. Prevent. Med., 6 : 37 (1932). 

28 H. M. Miller, Jr., Am. J. Hyg., 21: 27 (193S). 

®®D. H. Campbell, Am. J. Hyg., 23: 104 (1936). 

D. H. Campbell, J. Inject. Dis., 6S: 12 (1939). 
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DIAGRAMS OF LIVER LOBES OF TWO IMMUNIZED AND 
ONE CONTROL RAT INFECTED WITH 600 ONCHOSPHERES 
OF r.l£.V/.l CRASSICOLLIS 

Relative number and size of living cysts and of dead cysts in artificially 
immunized and control animals arc shown. The rats were autopsied 26 days 
after infection. 
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vaccination with fresh or powdered adult Taenia serrata.^- Re- 
sistance against infection with the adult Taenia cestodes is not 
developed by vaccination.®-* 

DIAGNOSIS 

Somatic Taenia infections can be rather easily diagnosed by im- 
munological methods. The complement fixation test and the pre- 
cipitin test have been employed successfully to identify human 
cysticercosis with Taenia solium:'^* Pig infections with the same 
parasite have been detected by the precipitin reaction.®-'* 

Skin tests also have been employed in the somatic taeniases. 
Human beings with cysticercosis due to Taenia solium and rabbits 
infected with the larvae of Taenia scrrata give a positive test.®'* 
Since these skin reactions can be obtained with antigens from re- 
lated cestodes, as well as with the specific parasite, the response 
must be of a group character.®^ Skin reactions have also been re- 
ported in human intestinal taeniasis,®** although they are observed 
less consistently than in the somatic infections. 

Multiceps Infection 

NATURAL RESISTANCE 

Cestodes of the genus Multiceps occur primarily in animals, 
although rarely human infections also are reported. Three species 
of the genus have most significance, Multiceps multiceps, Multiceps 
glomeratus, and Multiceps scrialis. Multiceps multiceps is found 
almost exclusively as an adult in the dog, although the wolf also 
is probably susceptible. The coenurus or larval stage occurs in the 
brain of many animals, chiefly herbivores, such as sheep, goat, cow, 
horse, antelope, gazelle, and chamois. Monkey and man also harbor 
this coenurus. Multiceps glomeratus is comparatively little known, 

^-K. B. Kerr, Am. J. Ilyg., 22: 169 (I93S). 

'’“T. Ohira, Tr. Far East. Assoc. Trap. Med., 9th Congr., 1: 601 (19.15). 

W. P. MacArthur, Tr. Roy. Soc. Trop. Med. and Ilyg., 26: 525 (1933) ; J. Roth- 
fcld, Deutsche Ztschr. f. Nervenhettk., 137: 93 (1935) ; A. Trawinski and J. Rothfeld, 
Zenlralbl. f. Baht., 134: 472 (1935). 

•■•“A. Trawinski, Zcntralbl. f. Bakt., 1.36: 116 (1936). 

D. R. A. Wharton, Am. J. Hyg., 14: 477 (1931) . 

“'L. Morcnas, Lyon Mid., 151: 636 (1933). 

3«M. Brunner, J. Immunol, 15: 83 (1928) ; H.-L. Chung and T. T’ung, Tr. Roy. 
Soc. Trop. Med. &■ Hyg., 32: 697 (1939). 
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but has been found as a coenurus in the gerbille and in man. The 
mouse and rabbit can also be experimentally infected.-^* The dog 
IS susceptible to the adult worm. Multiccps sefiolis in its adult stage 
infects the dog, the wolf, and the fox. The coenurus invades in- 
tramuscular connective tissue of several rodents, including rabbit, 
squirrel, and coypu, and certain primates, including man, baboon, 
and mandrill. 


ACQUIRED IMMUNITY 

Little is yet known of the possible immunity acquired by man 
and animals after Multiceps infection. No resistance is acquired by 
dogs against the adult worm as the result of a first infection with 
Multiceps glomcratus.*^ Antibody appears in rabbits three to four 
weeks after infection with the coenurus of Multiccps serialis. One 
proved human case reported several years ago, however, gave 
neither skin nor fixation tests.^^ Rabbits infected experimentally 
with the coenurus of Multiccps glotncratus give a skin reaction to 
the antigens of the specific parasite, but not to antigens from larval 
Multiccps serialis or Taenia serrata."'- The scrum of a rabbit with 
the coenurus of Multiccps multiceps has long been known to con- 
tain antibody, since it will sensitize passively a guinea pig to the 
homologous worm substance. The scrum of one such rabbit con- 
tinued to harbor the sensitizing substance for at least eight months 
after the surgical removal of the coenurus.^^ 

Echinococcus Infection 

There are several species of the genus Echinococcus besides 
Echinococcus granulosus, and some of these may be responsible 
for hydatid disease in man. As yet, however, these forms if present 
in man have not been satisfactorily differentiated, and practically 
all the reported human cases are considered due to the single species 
Echinococcus granulosus. Essentially all the immunological infor- 
mation on echinococcus infection as yet available is also referred 
to Echinococcus granulosus, although the designation possibly is 
often incorrect. 

3»P. A. Clapham, J. Helminthol., 18; 45 (1940). 

G. Bonnall, C. joyeux, and P. Bosch, Bull. Soc. path, exot., 26: 1060 (1933). 

^“P. A. Clapham, J. Helminthol., 18: 45 (1940V 
Bosch, Marseille-mSd., 71: 291 (1934). 
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NATURAL RESISTANCE 

HOST RESTRICTION 

The adult stage of Echinococcus granulosus occurs only in the 
dog, the wolf, the jackal, and possibly the cat.*^ The larval or 
hydatid stage, on the other hand, invades many different kinds of 
animal, including sheep, cow, moose, antelope, horse, zebra, pig, 
camel, elephant, kangaroo, giraffe, tapir, rabbit, squirrel, cat, leop- 
ard, Macacus and Cynomolgus monkeys, and man. 

FACTORS INFLUENCING NATURAL RESISTANCE 

Very few of the factors which influence natural resistance to 
Echinococcus granulosus have yet been established, because of the 
difficulties attending the experimental study of this infection. The 
digestive juice probably plays a role in the resistance of most hosts 
to the adult stage of the parasite. At least the membranes of the 
hydatid are digested by the intestinal juice of many resistant ani- 
mals, but not by that of the susceptible dog or cat.*’ In an effort 
to depress their natural resistance to this parasite, pigeons have 
been kept on a vitamin-free diet for a considerable period. The 
birds do not become susceptible, however, either to the adult or 
the larval parasite.*® 


ACQUIRED IMMUNITY 
RESISTANCE TO REINFF.CTION 

No adequate evidence is yet available to show whether or not 
infection with hydatid disease confers resistance to reinfection. The 
fact that many persons in whom an initial cyst is ruptured later 
develop many cysts hardly contra-indicates the acquisition of im- 
munity, for severe anaphylactic shock is usually experienced by a 
patient as the result of cyst rupture. At this time the principal 
specific defense forces of the host are momentarily completely or 
largely incapacitated, and the patient is probably peculiarly sus- 
ceptible to reinfection. Since at other times, on the contrary, anti- 
body is present in considerable concentration, the immune response 

** F. Lorinez, Zentralbl. f. Bakl., 129: 1 (1933). 

D. A. Berbcrian, /. Helminthol., 14: 21 (1936) . 

*®P. Pavlov, Bull, Soc. path, exot., 33: 93 (1940). 
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to infection must be intense and might effectively inhibit reinfec- 
tion with the homologous parasite. 

ANTIBODY PRODUCTION 

Complement-fixing antibodies and precipitins reactive with hy- 
datid fluid have long been known to be formed after infection with 
hydatid disease. Little or no information is yet available as to the 
period required for the serum reactions to become positive. Anti- 
body usually persists in the serum for at least several months after 
surgical removal of the cysts. 

PASSIVE TRANSFER 

No adequate attempt has been reported to determine whether 
or not resistance to hydatid disease can be passively transferred 
with the serum, largely because of the difficulties attending investi- 
gations of experimental infections with this parasite. It is known 
that serum from a dog with any of various intestinal Taenias does 
not protect mice from hydatid “sand” injected intraperitoneally,^^ 
but serum from such an infection is certainly poor in protective 
antibody, if not entirely devoid of this substance. Greater success 
might attend an experiment in which serum from an animal with 
a heterologous somatic cestode infection were used, since such 
serums generally are comparatively rich in antibody. Undoubtedly, 
however, the best effect, if any, would be obtained with specific 
immune serum. 

MECHANISM OF IMMUNITY 

Humoral antibody and the cellular agencies together probably 
account for any resistance that is acquired against hydatid disease. 
The walling off of the parasite by the laying down of a fibrous 
capsule is the most obvious evidence of this defense. Such a re- 
sponse is accelerated and magnified in the case of animals which 
have become partially resistant at the time of infection. 

PROPHYLAXIS 

Sheep and probably some other susceptible animals can be par- 
tially protected from infection with the hydatid stage of Echinococ- 

F. D6v6, Compt. rend. Soc. de bioL, 113: 1443 (1933). 
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cus granulosus by previous vaccination with killed antigens pre- 
pared from the hydatid cyst fluid and membranes. The vaccinated 
animals wall off subsequently established parasites more success- 
fully than do normal animals. An Arthus type of reaction generally 
occurs about each small cyst in the immunized animal.^* Dogs also 
are said partially to resist infection with the intestinal adult stage 
of Echinococcus granulosus after vaccination with hydatid cyst 
material."*® 

Attempts to immunize laboratory rodents against experimental 
infection by subcutaneous injections of hydatid membrane have 
not succeeded.*'" No curative effect upon developed cysts is re- 
vealed following the administration of hydatid “anatoxin,” *" an 
antigenic product obtained by formalizing hydatid fluid.**- 

UIAGNOSIS 

Although antibody does not usually develop in animals with the 
intestinal stage of Echinococcus granulosus, it appears quite regu- 
larly in persons and animals with somatic infections with the larval 
stage of this parasite. The detection of this antibody serves ad- 
mirably, therefore, to identify hydatid disease in man as well as in 
lower animals. 

The precipitin test has had comparatively little use in the diag- 
nosis of hydatid disease, for it is positive in known cases less often 
than other procedures. In one survey the serums of only about SO 
percent of the proved cases tested gave a precipitin test.'*" The 
complement fixation test as first devised for hydatid disease by 
Ghedini is a fairly reliable diagnostic procedure, both for human 
and animal infections. Success with the procedure depends largely 
on the skill of the technician. When proper methods are followed, 
the test has a high percentage of accuracy,®* and it is especially 
useful in diagnosing recurrent or residual cysts in patients already 

■***£. L. Turner, E. W. Dennis, and D. A. Bcrberian, /. Parasilol., 23; 43 (1937). 

■** E. L. Turner, E. W. Dennis, and D. A. Bcrberian, J. Egyptian M. A., 18: 636 
(1935) ; E. L. Turner, D. A. Bcrberian, and E. W. Dennis, /. Parasitol, 22 : 14 (1935) . 

“o F. Devd, Compl. rend. Soc. de biol., 115: 1025 (1934). 

=* Ibid., p. 954. 

I. L. Y. Apphatie, Rev. sud-amir. de mid. et de chir., 3: 785 (1932). 

““ F. Hodcr, Fortschr. d. Med., 51: 959 (1933). 

R. II. Goodale and H. Krischner, Am. J. Trap. Med., 10 : 71 (1930) : F. Hoder, 
Fortschr. d. Med., 51: 959 (1933). 
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operated on.°® Unfortunately the community in antigens among 
various cestodes leads to positive results as well in other cestodiases, 
although with reasonable interpretation of clinical signs and symp- 
toms such confusing results can generally be recognized and ruled 
out. 

The simplest procedure for diagnosing hydatid disease is the 
skin test, in which a small amount (0.5 cc.) of hydatid fluid antigen 
is injected intradermally. Both immediate (Magath) and delayed 
(Casoni) skin reactions usually occur in human cases.’'-'- The im- 
mediate response develops as a wheal two to four centimeters in 
diameter with pseudopods, the maximum size being attained in ten 
to twenty minutes. Gradually thereafter this immediate reaction 
subsides. The delayed response, which is of a true local anaphy- 
lactic or Arthus type, begins one-half hour or so after the injection 
of antigen, reaches its peak in two to six hours, and gradually re- 
cedes during the ensuing twenty-four to thirty-six hours. The skin 
test has proved useful in the hands of most investigators, up to 
100 percent positive results having been reported in known cases 
of hydatid disease.” The test is positive in infected animals, as 
well as in man, and can also be elicited in animals which have been 
previously immunized by a series of injections of hydatid fluid.®** 
The repetition of skin tests in man is usually discouraged, since 
normal persons also, if tested several times, finally become posi- 
tive.®" The skin test is consistently negative in dogs with the in- 
testinal stage of Echinococcus granulosus'''^ 

The skin reaction and the test for serum antibody are positive 
so long as cysts remain in the patient, and they may continue so 
for from five to seven years after the surgical removal of all cysts.**^ 
Positive reactions ten years or more after operation, however, in- 

““K. D. Fairley and C. H. Kellaway, Australian and Nnv Zealand J. Sure 
2: 236 (1933). ’’ 

J. H. Bolteri, Kim. Wchnschr., 8: 836 (1929). 

E. and B. von Bassewitz, Brasil-Med., 43: 1138 (1929) ; K. D. Fairley, M. J. 
Australia, 1: 472 (1929) ; H.-L. Chung and T. T‘ung, Tr. Roy. Soc. Trap. Med & 
Ilyg., 32: 697 (1939). 

E. Cubonc, Boll. d. ht.-Skroterap, milanese, 8: 519 (1929). 

E. Sergent, M. Fouresticr, and E. Jiminez-Galliano, Bull. Acad. Med., 121: 180 
(1939) ; E. Rist, Fresse Med. 47: 201 (1939) ; R. Rubegni, Policlinico {Seg. pratica), 
46: 1859 (1939). 

E. L. Turner, E. W. Dennis, and D. A. Berberian, J. Parasitol., 21: 180 (1935). 

A. M. Bonanno, Boll. d. Sez. Hal., Soc. Internal, di Microb., 3; 67 (1931). 
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dicate reinfection or incomplete removal of the initial cyst,"- Nega- 
tive reactions show freedom from infection in at least 95 percent 
of all cases.**® 

Antigen for the biologic diagnosis of hydatid disease is usually 
obtained as the fluid from hydatid cysts. Pure, untreated cyst fluid 
is commonly regarded as the best material for the purpose,*'^ but 
the active elements sometimes occur in such dilution in the native 
fluid that various procedures for their concentration have been 
proposed.®'* The cyst membranes are generally deficient in suitable 
antigens. 

Antigens which serve for the skin test, as well as for the in vitro 
tests with serum, are present also in many heterologous cestodes. 
In fact they often occur in these heterologous sources in greater 
amount than in the specific parasite. They have been derived from 
Taenia saginata, Taenia serrata, Taenia crassicollis, Hymcnolepis 
jraterna, Moniezia expanse, Raillietina cesticillus, and Diphyl- 
lobothrium mansonoides. A protein-free polysaccharide from Tae- 
nia crassicollis also serves as antigen for the skin test (Figure 4).®* 

The fact that antigens for diagnosing hydatid disease occur in so 
many heterologous cestodes indicates that group reactions are 
rather general in the cestodiases. These are seen best in somatic 
infections. Cysticercosis in man, for example, can be identified by 
skin tests or fixation tests in which hydatid fluid is the antigen. 
Likewise, a positive skin test has been obtained in one human case 
of experimental sparganosis tested with hydatid fluid.®^ Occasion- 
ally positive tests have also been reported in the intestinal taeniases. 

When the antibody-containing serum from a patient with echi- 
nococcus disease is injected locally into the skin of a normal person, 
the normal person will then give an immediate type of skin reac- 
tion (Prausnitz-Kustner test) if hydatid fluid antigen is injected 
to the same site. Usually an interval of twenty-four to forty-eight 
hours must elapse before the antigen can be injected, perhaps be- 
cause the antibodies must first fix themselves upon the tissue cells. 

K. D. Fairley, M. J. Australia, 1: 472 (1929). 

« ' C. H. Kellaway and K. D. Fairley, M, J. Australia, 19th Yr.: 340 (1932). 

F. Cantani, Boll. d. Sez. Ital., Soc. Internal, di Microb., 1; 19S (1929). 

E. W. Dennis, J. ParasitoL, 23: 62 (1937). 

J. T. Culbertson and II. M. Ro.se, /. Clin. Inveslb^ation, 20: 249 (1941). 

Ibid. 
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IMMEDIATE SKIN REACTIONS IN A PATIENT WITH ECHINO- 
COCCUS DISEASE AFTER INJECTION WITH THE DESIG- 
NATED DILUTIONS OF EQUIVALENT EXTRACTS OF 
VARIOUS CESTODES 

Tests with a purified polysaccharide derived from Taenia crasi^icollis also 
arc shown. The inner circle represents the outline of the initial bleb ; the outer 
irregular line show’s the greatest limits attained by the w'heal in fifteen minutes. 
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Antigens from any of the related cestodes which elicit the reaction 
in an infected patient will also serve for the test in the passively 
sensitized person.®** 


Hymenolepis Infections 

NATURAL RESISTANCE 

HOST RESTRICTION 

Two species of the genus Hymenolepis have been studied im- 
munologically, Hymenolepis nana (including the rodent strain, 
Hymenolepis nana, variety jraterna) and Hymenolepis diminuta. 
Hymenolepis nana is found in human beings, certain monkeys, ger- 
billes, rats, and mice, and after experimental infection in guinea 
pigs. Hymenolepis diminuta is found as an adult in man, mouse, rat, 
monkey, and possibly the dog and as a larval form in various in- 
sects, including lepidopterans, ear-wigs, fleas, and cockroaches. 

FACTORS INFLUENCING NATURAL RESISTANCE 

The factors responsible for susceptibility or natural resistance 
to Hymenolepis cestodes have not been determined. Age certainly 
is significant. Persons of the five- to fourteen-year age group are 
most frequently infected with Hymenolepis nana,^^ and younger 
rats and mice are more susceptible than older animals to the rodent 
strain Hymenolepis jraterna?'^ A poor diet, such as one consisting 
of bread and water as well as an intercurrent infection with 
bacterial disease,''- predisposes rodents to Hymenolepis jraterna. 

ACQUIRED IMMUNITY 
RESISTANCE TO REINFECTION 

Mice and rats already infected with Hymenolefns jraterna or 
Hymenolepis diminuta resist a superimposed infection with the 
homologous parasite.^® There are two points of view at present on 
the cause of this resistance. According to one, no true immunity is 
developed, and the apparent resistance to reinfection is more prop- 

Jbid. "!> G. F. Otto, J. ParasHol, 21: 443 (193S) , 

D. A. Shorb, Am. J. Hyg., 18 : 74 (1933) . Ibid. 

A. V. Hunnincn, J, Parasitol., 22: 84 (1936). 

^3 A. V. Hunninen, Am. J. Hy^. 22: 414 (193S) ; M. Palais, Compt. rend. Soc. de 
biol., 117: 1016 (1934) ; D. A. Shorb, Am. J. Hyg., 18: 74 (1933). 
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erly a “pseudo-premunization,” consisting simply in competition 
for the available space in the intestine of the host, with the result 
that the worms given in the reinfecting dose are crowded out. If 
the worms of the initial infection are dislodged by an anthelminthic 
prior to administering the second infecting dose of larvae of Ily- 
menolcpis diminuta, then no such resistance is shown against the 
superimposed dose.'^^ No very concrete evidence has been presented 
to support the point of view that a true immunity is developed. 
However, the young of resistant mother mice likewise resist infec- 
tion with Hymenolcpis jraterna for some time after birth, their re- 
sistance apparently resulting from the passage in the mother’s milk 
of protective substances from the mother to the young.'^'’ Powerful 
specific immune responses can generally not be expected against 
parasites such as these of the genus Hymenolcpis, which are pri- 
marily or exclusively dwellers in the intestinal lumen. 

PROPHYLAXIS 

Efforts thus far to protect against Hymenolcpis by vaccination 
with antigen from the homologous worm have failed 

Other Cestode Infections 

RAILLIETINA 

Tapeworms of the genus Raillictina have not been extensively 
studied immunologically. The form found in man, Kaillirthia mada- 
gascariensis, occurs also in rats, although its other host relation- 
ships are not yet established. An age resistance is developed by the 
chicken to Raillictina ccsticillus, fowls more than two and one- 
half months old being more resistant than those less than one 
month.^'^ An initial heavy infection with this parasite, however, 
does not protect chicks against reinfection six to twelve weeks 
later.’” Birds suffer a significant retardation in growth as the re- 
sult of infection.’* On the other hand, the metabolism of the worms 

A. C. Chandler, Am. J. 29: 105 (1939, sec. D). 

D. A. Shorb, Am. J. 18: 74 (1933). 

A. C. Chandler, Am. J. 31: 17 (1940, sec. I)). 

J. E. Ackert and W. M. Reid, J. Parasitol., 23: 558 (1937). 

G. VV. Luttermoser, J. Parasiiol. {Suppl.)y 24: 14 (1938). 

P. D. Harwood .and G. W. Luttermoser, Pror. Ifclminthol. Soc. Washington, 
5: 60 (1938) ; J. E. Ackert and A. A. Case: J. Parasitul {Suppl ), 24: 14 (1938). 
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is severely upset if the host be starved for from twenty to forty- 
eight hours, and long chains of proglottids are characteristically 
broken off from the adult worm in the intestine.**" 

DIPYLinWM 

The most significant member of the genus Dipylidhm is Dipy- 
Udium caninum, which infects dogs and cats primarily and occa- 
sionally man. Young children are most heavily infected, although 
infections are never frequent in persons of any age. Nothing is 
established concerning the possible specific immune responses to 
the parasite. 


MONIEZIA 

Moniezin cxpansa is an exceedingly common parasite of sheep 
and is found also in goats and cattle. Apparently age is not a factor 
in the natural resistance to this form.**' Experimental work on ac- 
quired immunity to this parasite has been severely handicapped 
until recently, when Stunkard **- determined that orabatid mites 
serve as intermediate hosts of the worm. 

W, M. Reid, J. Parasitol. {Suppl.)j 26: 16 (1940). 

N. R. Stoll, /. Parasitol, 24; 527 (1938). 

H. W. Stunkard, Science, 86: 312 (1937) ; and Parasitology, 30: 491 (1933). 



Chapter XVI 

THE NEMATODIASES 


T he nematode parasites of man and animals which have 
significance immunologically can conveniently be divided 
into six groups of which the type genera are, respectively, Trichi- 
nella, Ascaris, Enterobius, Ancylostoma (or Nconor), Wuchcreria, 
and Strongyloidcs. The immune responses to representative species 
of all of these type genera and to the more important related forms 
in each group will be discussed in this chapter. 

Inffxtions with Trichinella and Related Forms 
1. Trichinella Infection 

NATURAL RESISTANCE 

HOST RESTRICTION 

The only species found in the genus IVtchinclla is the very im- 
portant form Trichinella spiralis, the cause of trichiniasis. The 
host range of this parasite is probably greater than that of any 
other nematode. It occurs naturally in wild rats, as well as in many 
other meat-eating animals, including dog, fox, cat, bear, marten, 
mongoose, wild boar, pig, and man. Such herbivorous animals as 
monkeys,’ hamsters,- rabbits, and guinea pigs can also be infected. 
Chickens,"* pigeons,'’ and crows are susceptible, although the para- 
site does not thrive in birds and the possibility of infection succes- 
sively through a series of birds is questionable. Cold-blooded ani- 
mals are resistant to the parasite.** 

1 O. R. McCoy, Proc. Soc. Exper, Biol. & Med., .SO: 85 (1932). 

- E. A. Mauss, J. Parasitol. {Suppl.)t 25: 29 (19.59) ; and Ant. J. Hyg. 32: VS (1940, 
sec. D). 

•* D. L. Aupustinc, Science, 78: 608 (1933). 

^K. Matoff, Ticrarztl. Rundschau, 42: 401 (1936). 

P. Pavlov, Ann. de parasitol., IS: 434 (1937). ** Ibid., p. 440. 
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FACTORS INFLUENCING NATURAL RESISTANCE 

The age and the diet of the host significantly influence natural 
resistance to Trichinella spiralis.’’ Old dogs, for example, are more 
resistant than young ones, since a smaller percentage of the larvae 
fed develop to adults in the intestine of the mature animal.* In old 
pigeons the parasite fails to attain maturity, whereas in young birds 
it does reach the adult stage, and muscle invasion occurs.® As to 
diet, vitamin A seems most important, since rats on a vitamin-A- 
deficient diet are more susceptible to Trichinella spiralis than those 
on a normal diet.^® A vitamin-E-free diet has been found by one 
investigator to enhance slightly the resistance of rats.^‘ The ad- 
ministration of irradiated ergosterol is sometimes advised to en- 
hance calcification of the encysted larvae,*® although other authori- 
ties have found the use of this and similar substances too dangerous 
for general employment as a means of enhancing natural resist- 
ance after infection.*® 


ACQUIRED IMMUNITY 
RESISTANCE TO REINFECTION 

Animals which have recovered from the effects of an initial in- 
fection with Trichinella spiralis resist reinfection. This has been 
clearly demonstrated in rats,*^ as well as in guinea pigs,*® hogs,*® 
and, less completely, in monkeys.’® No information is available in 
the case of man, although probably man also would acquire resist- 
ance to a second infection. 

Immunity is transmitted from immune mother rats, rabbits, and 
hamsters to their young. The resistance is temporary, being lost by 

G. W. Bachman, Rev. de med, trap, y paraaitol., hacleriol., din. y lab., 4: 121 
(1938) ; E. H. Marchant, /. Parasiiol. (Suppl.), 25: 23 (1939). 

* K. Matoff, Tierdrztl. Rundschau, 43: 399 (1937). 

® K. Matoff, Tierdrztl. Rundschau, 42: 401 (1936). 

R. McCoy, Am. J. Hyg., 20: 169 (1934). 

H. Zaiman, J. Parasitol. (Suppl.), 26: 44 0940) . 

12 W. W. Wantland, Proc. Soc. Exper. Biol. & Med., 32: 438 (1934), and J. 
Parasitol., 24: 167 (1938). 

12 T. von Brand, G. F. Otto, and E. Abrams, Am. J, Hyg., 27: 461 (1938). 

i-^O. R. McCoy, Am. J. Hyg., 14: 484 (1931). 

15 H. Roth, Am. J. Hyg., 30: 35 (1939, sec. D). 

1® G. W. Bachman and R. Rodriguez Molina, Am. J. Hyg., 18: 266 (1933) . 

1^0. R. McCoy, Proc. Soc. Exper. Biol. & Med., 30: 85 (1932), 
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the young after the third week of life. Presumably the transmis- 
sion occurs through the mothers’ milk.^* One report has appeared 
of a positive skin test in the month-old child of an immune human 
mother, antibody apparently being transmitted from the mother to 
the child.^® 

ANTIBODY PRODUCTION 

Antibody appears rather promptly in the serum of animals ex- 
perimentally infected with Trichinella spiralis. Precipitin has been 
reported in the blood as early as the fifth day after infection, when 
only the adult worms are in the gut, and no larvae are yet in the 
muscles.-® It is not regularly detected, however, until after several 
weeks.- ^ The complement-fixing antibody has been reported by the 
third day, although it usually appears about the twentieth day and 
increases in concentration thereafter until the thirty-fifth day after 
infection.-- Once present in the serum, antibody persists for at least 
several months, and some records in man indicate its persistence 
for from four to nine years.-® It is associated chiefly with the 
euglobulins but also in part with the pscudoglobubn fraction of 
the serum.® ‘ 

Trichinella antigen occurs in the serum of experimentally in- 
fected rabbits within twenty-four hours after feeding infective 
larvae and probably accounts for the antibody which is developed 
a few days later. It is noteworthy that this antigen occurs in the 
blood prior to larval invasion of the muscles.®® 

PASSIVE TRANSFER 

The absence of any other method of treatment early caused 
physicians to employ serum from recovered or convalescent cases 
of trichiniasis in the treatment of this disease. Some improvement 
was occasionally described, and this was duplicated by some in- 
vestigators in animal infections. However, resistance in passively 

E. A. Mauss, Am. J. II yg., 32: 75 (1940, sec. D). 

1** Z. Bercovitz, personal communication to the author (1940). 

G. W. Bachman, J. Prevent. Med., 3: 465 (1929). 

J. T. Culbertson and S. S. Kaplan, Parasitology, 30: 156 (19.^8). 

G. W. Bachman and R. Rodriguez Molina, Am. J. Ilyg., 18: 266 (1932). 

H. Thcilcr, D. L. Augustine, and W. W. Spink, Parasitology, 27 : 345 (1935) . 

E. A. Maus.s, J. Parasitol. (Suppl.), 26: 43 (1940). 

25 J. Bozicevich and L. Detrc, Pub. Health Rep., 55: 683 (1940). 
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immunized persons or animals was never absolute, and the helpful 
effect of the serum was therefore believed to result from its pos- 
session of an antitoxic rather than an antiparasitic character.-® 
Recently serum, when given prophylactically to mice, has again 
been shown to have some effect, acting almost exclusively on the 
ingested larvae developing to adults in the intestine of the infected 
animals. The serum appears to prevent the maturation of the larvae 
and usually causes their early elimination. The effect is in this case 
definitely upon the parasite itself. No effect, however, has been 
demonstrated upon larvae migrating through the blood or mus- 
culature. These very young larval forms evidently are less vulner- 
able to the effects of the serum than are the ingested larvae in the 
intestine which are approaching the adult stage.*^ Apparently the 
serum must be given parenterally to produce its effect, for no in- 
fluence follows its administration by gavage.-" 


MECHANISM OF IMMUNITY 


Acquired immunity in trichinia.sis probably depends primarily 
on the action of the antibody developed in this disease, although as 
yet the direct function of the antibody in protection has not been 
fully demonstrated. There seems little question that the acquired 
resistance is directed against the intestinal phase of the parasite, 
for if infective larvae are fed to an immune animal they are 
promptly eliminated without development. Such eliminated lar- 
vae are not killed by passage through an immune animal, however, 
for they readily infect normal animals to which they are subse- 
quently fed. Although an increase in the intestinal secretion of 
mucus and of peristalsis have been suggested as the chief factors 
operative in expelling the larvae from the gut of immune rats,®® 
it seems likely that the actual inhibition of development of the 
larvae is largely an effect of the serum antibody, for similar inhibi- 
tion is seen in passively immunized animals.®’ To produce its ef- 


A. Trawinski, Zentralhl. f. Bakt,, 134: 145 (1935). 

-J J. T. Culbertson and S. S. Kaplan, Parasitology, 30: 156 (1938). 

-»G. W. Bachman and J. Oliver Gonzalez, Proc. Soc. Exper. Biol & Med 35* 
215 (1936). ■' 

R. McCov, Am. J. Ilyg., 32: 105 (1940, sec. D), and J. ParasUol. iSuPpl.), 
24: 35 (1938) ; H. Roth, Am. J. Ilyg., 30: 35 (1939). 

''*"0. R. McCoy, Am. /. Hyg., 32: 105 (1940, sec. D). 

J. T. Culbertson and S. S. Kaplan, Parasitology, 30: 156 (1938). 
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feet, antibody may actually diffuse from the blood to the intestinal 
lumen, although this would hardly be required, since the parasites 
characteristically become so intimately associated with the tissues 
by penetrating the intestinal wall that exposure to the circulating 
antibody would be inevitable. Further evidence that serum anti- 
body is significant in immunity to TrichincUa spiralis is provided 
by the fact that infective larvae which are exposed to a powerful 
immune serum are found to be inhibited in development when later 
fed to animals, thereafter being only 30 percent as infective as 
larvae not so exposed.*- Antibody is actually precipitated about 
the mouths of the exposed larvae, and many of them are thus im- 
mobilized and killed. Adult worms likewise are affected by the 
serum, and antibody precipitated about the vulvas of females in 
immune serum prevents the discharge of embryos.** 

Some authorities still feel, however, that the immune response 
does not require that the remainder of the body besides the in- 
testine come into play either as a source of antibody or in any other 
capacity. A good deal of support is given this view by the results of 
an ingenious experiment recently reported in which rats were in- 
fected by transplanting into the duodenum from 200 to 700 living 
TrichincUa adults, all of only one sex, which had been segregated 
previously from the intestinal lumens of other rats. Despite the 
fact that no reproduction could occur, and hence no larvae could 
enter the somatic tissue, when these rats were fed infective larvae 
twenty-two days later, they were relatively resistant compared with 
the controls.** Such an experiment might easily be pointed to as 
proving that the immunity in trichiniasis originates in and is local- 
ized strictly to the intestine. Unfortunately, however, the experi- 
ment is not unequivocal, since antigens of the adult TrichincUa 
have been shown regularly to enter the circulation of infected ani- 
mals even in the absence of larval invasion. Such antigen has been 
detected as early as twenty-four hours after rabbits were fed infec- 
tive forms, and at this time the adult parasites were not developed 
sufficiently for larval invasion to occur. Antibody production 
against these circulating antigens, nevertheless, has been shown to 

E. A. Mauss, Am. J. Ilyg., 32: 80 (1940, see. D). 

J. Oliver Gonzalez, J. Infect. Dis., 67: 292 (1940). 

C. V. Anderson and A. B. Leonard, J. Parasilol. (.Suppl.), 26: 42 (1940). 
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follow. It occurs even when blood containing such antigens is trans- 
fused to normal rabbits,*® 

The body cells also play some role in acquired immunity to 
Trichinella. Possibly this is largely through producing antibody, or 
through collectively immobilizing sensitized parasites. The eosin- 
ophiles, however, are known to have a further function, possibly 
of a more mechanical nature. They become concentrated in the 
intestinal mucosa, where they form a definite barrier to penetration 
by the adult parasites.*® Eosinophiles also commonly are noted in 
the neighborhood of larvae encysted in the muscle. 

PROPHYLAXIS 

Rats can be protected against infection with Trichinella spiralis 
by the repeated injection of antigens prepared of heat-killed or 
dried larvae,*^ and even more effectively by the inoculation of 
living larvae parenterally.** None of these methods serves so well 
in prophylaxis as does a prior infection with the parasites.*’* Hogs 
are said to acquire no immunity through vaccination, although they 
do resist reinfection after recovery from an initial attack of trich- 
iniasis.'*® The metabolic products of Trichinella spiralis in muscle 
are also reported to induce some degree of immunity to reinfection 
with the homologous parasite when fed to rats, rabbits, and guinea 
pigs.*' The possibility of developing resistance in man artificially 
has not been investigated, since little or no general need for such a 
procedure is evident at this time. 


DIAGNOSIS 

The diagnosis of trichiniasis is possible through detecting spe- 
cific serum antibody in vitro and through skin tests.** The pre- 
cipitin antibody does not usually appear in the serum before the 
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V. D. van Somcren, J. ITelminthol., 16 : 83 (1938). 
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‘’’P. Pavlov, Ann. de parasitol, IS: 448 (1937). 

G. W. Bachman and J. Oliver Gonzalez, Proc. Soc. Exper. Biol. &■ Med 
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second week after infection/^ and it is best detected about the 
fourth or fifth week.*'’ It persists up to nine years or so after re- 
covery."*® The precipitin test can be used also for diagnosing trich- 
iniasis in pigs prior to slaughter."*^ The complement fixation test 
has had only very limited diagnostic use in trichiniasis. 

The skin test has largely superseded the precipitin test as a 
routine diagnostic procedure because of the greater simplicity of 
its performance. It first becomes positive about three weeks after 
infection,** and it persists for from three to nine years after re- 
covery.*® In man both an immediate and a delayed reaction gen- 
erally occur. Most of those who have tried the skin test have found 
it a most valuable diagnostic aid,®* although some authorities still 
prefer older techniques.’’'* The skin test serves also to diagnose 
trichiniasis of animals, although only the delayed reaction generally 
occurs. The test is recommended especially for identifying pig in- 
fections,’- and it gives promise of attaining general adoption for 
that purpose. 


2. Trichocepiialus Infkction 

Little immunological information is yet available on worms of 
the genus Trichoccphalus. Several closely related species arc known, 

** W. W. Spink, New England J. Med., 216: S (1937). 

H. Thcilcr and D. L. Augustine, Zentralbl. f. Bakt.^ 135: 299 (1935). 

Theilcr, 1). L. AuRUstinc, and W. W. Spink, FarasHology, 27: 345 (1935). 
•‘’’A. Trawinski, Berl. Tierarztl. Wchnsekr., 50: 223 (1934), and Ztschr, /. Fldsch- 
It. Milch-Hyg., 45: 166 (1935), 
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landcr, Am. J. M. Sc., 188: 121 (1934) ; E. H. Drake, R. S. Hawkc.s, and M. Warren, 
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2130 (1938) ; M. M. Schapiro, B. L. Crosby, and M. M. Sickler, J. Lab. & Clin. 
Med., 23: 681 (1938) ; W. Sawitz, Am. J. Pub. Health, 27: 1023 (1937) ; J. E. Andes, 
R. A. Greene, and E. L. Breazeale, J. A. M. A., 114: 2271 (1940). 

R. A. Kilduffe, Am. J. M. Sc., 186: 802 (1933) ; L. S. Hcathman, Am. J. Hyg., 
23: 397 (1936); T. R. Failmcsgcr and J. E. Spalding, Am. J. Dis. Child., 58; 129 
(1939) ; J. B. McNaught, Am. J. Trap. Med., 19: 181 (1939). 
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223 (1934) ; A. Lichterman and I. Klceman, Am. J Pub. Health, 29: 1098 (1939). 
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such as Trichocephalus trichiura in man, Trichocephalus vulpis in 
the dog and the fox, Trichocephalus campanulus and Trichocepha- 
lus serratus in the cat, Trichocephalus discolor in the cow, Tricho- 
cephalus ovis in tlie sheep and the goat, Trichocephalus suis in 
the pig, Trichocephalus leporis in the rabbit, and Trichocephalus 
muris in the rat and the mouse. For the most part, the different 
worms are confined to the hosts named. The human parasite, for 
example, does not occur in animals. It is found in children more 
frequently than in adults. Infected persons give a skin reaction to 
Trichinclla antigen.®* 

3. Capillaria Infection 

Capillaria hepatica is a near relative of worms of the genus 
Trichocephalus. It has been reported from several rodents (rats, 
mice, prairie dogs, muskrats, beavers, rabbits), a ruminant (pec- 
cary), a carnivore (dog), and certain primates (spider and capu- 
chin monkeys, chimpanzees, and human beings). 

Rats present evidence of an age resistance after experimental 
infection with Capillaria hepatica, since old animals tolerate pro- 
portionately larger infecting doses and show fewer fiver lesions 
than do young rats. IJy the fourth week after an initial infection 
rats become refractory to a superimposed infection. The acquired 
immunity la.sts for at least two months thereafter. Mice, on the 
other hand, manifest only a partial age resistance and acquire no 
immunity to reinfection."’^ 

Infections with Ascaris and Related Forms 
1. /l5Cyi/?/5 Infections 
NATURAL resistance 

HOST restriction 

The most important member of the genus Ascaris, namely, 
Ascaris lumbricoides, is found in man, certain monkeys, and pigs. 
The strain found in each of these hosts is specific for that host and 
not infective for the alternate species."’"’ When embryonated eggs 

O. R. McCoy, J. J. Miller, Jr., and R. D. Friedlander, J. Immunol., 24: 1 (1933) . 

••‘G. W. Luttermoser, J. Parasilol., 23: SS9 (1937), and Am. J. Hyg., 27: 321 
V 1 voo ) . 

D. L. AugusUne, Am. J. Hyg., 30: 29 (1939, sec. D). 
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of the worm are fed to imperfect hosts, such as the laboratory 
rodents, they reach only the larval stage in the lung and never 
attain maturity as adult intestinal worms.®* 

FACTORS INFLUENCING NATURAL RESISTANCE 

Individuals can be infected with Ascaris at any age, although 
young persons are more frequently and more intensely infected 
than older individuals. Pigs can be infected during at least their 
first five months of life, although some slight evidence of natural 
resistance is manifested by older pigs.®^ No difference in resistance 
between the sexes is known. The vitamin-A level of the diet may 
influence natural resistance,®* although most investigators have 
failed to demonstrate such an effect.®" 

ACQUIRED IMMUNITY 
RESISTANCE TO REINFECTION 

Human beings and pigs acquire only very slight immunity to 
reinfection with AscarisS’" If the parasites of a first infection be 
eliminated by anthelminthics, reinfection can then occur.*' Mice 
and guinea pigs, on the other hand, resist fatal somatic infections 
if previously given small doses of embryonated eggs. Very few 
larvae reach the liver or lungs of such animals previously infected 
with the somatic tissue stages.*- The immunity acquired from prior 
infection is, however, of brief duration.*® 

ANTIBODY PRODUCTION 

Most of the careful studies on antibody production to Ascaris 
have been performed in experimental somatic infections of rodents. 
In the rabbit infected with Ascaris megalocephala complement- 

Roman, Compt. rend. Soc. de bioL, 130: 1168 (1939). 

D. O. Morgan, J. Ilclminthol., 9: 121 (1931). 

'■•**8. Kurisu, SeUJ-Kai M. J., SO: 7 (1931). 

E. de Boer, Tijdschr. v. Diergeneesk., 62: 965 (1935) ; P. A. Clapham, /. Helmin- 
thoL, 12: 165 (1934). 

«^E. Roman, Compt. rend. Soc. de biol., 130: 1168 (1939); D. O. Morgan, J. 
Helminthol.j 9: 121 (1931). 

«! Cort, L. Schapiro, and N. R. Stoll, Am. J. llyg., 10: 614 (1929) ; G, F. 

Otto, J. A. M. A., 95: 194 (1930) ; G. F. Otto and W. W. Cort, J. Parasitol., 20: 
245 (1934). 

®-0. Wagner, Zischr. /. Immunitdhforsch. u. exper. Therap., 78: 372 (1933). 

K. 13. Kerr, Am. J. Ilyg., 27: 28 (1938). 
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fixing antibodies are found during the five weeks after infection, 
with their peak concentration about the fifteenth day.®^ Precipitins 
can be detected in serum from rabbits and guinea pigs given Ascaris 
lutnbricoides sometimes for eight months.®® These animals also 
respond with antibody if injected parenterally with coelomic fluid 
of Ascaris “® or with a protein-free polysaccharide of the worm.®^ 
Antibodies developed by injecting rabbits with suspensions of iso- 
lated tissues of Ascaris react best with the homologous tissues. For 
example, an anticuticle serum reacts best with the cuticle antigen. 
Cuticle antigens of various ascarids must have much in common, 
however, for antibodies produced against the cuticle of one species 
will react indiscriminately with cuticle test antigens of many dif- 
ferent mammalian ascarids.®® 

MECHANISM OF IMMUNITY 

Humoral antibody probably influences the immunity acquired 
against somatic infections with Ascaris, although its role has not 
yet been demonstrated. It is possible that the antibody has in part 
the character of an antitoxin, for toxin-like materials from the 
worm are believed to cause lesions in organs which the worms them- 
selves never invade.®® There seems greater probability that the 
antibody behaves as an opsonin and acts in conjunction with the 
defensive body cells. The activity of the defective cells in immune 
animals is definitely enhanced compared with that in normal ani- 
mals, since the cells increase in number as a result of a first infec- 
tion and become mobilized in strategic sites in order better to repel 
invasion by a second group of larvae. These cells surround the 
migrating larvae of a superimposed infection, check their progress, 
and finally destroy them.^" All of this occurs very soon after the 
larvae enter the somatic tissues, and few of the invaders therefore 
succeed in reaching the liver or the lungs of immune animals.'^^ 

"*W. K. Blackie, J. Urlminthol., 9; 91 (1931). 

F. A. Coventry, /. Prevent. Med., 3; 43 (1929). 

"“O. Dubelsky and E. Golubcwa, Zentralbl. f. Bakt., 108: 449 (1928). 

®^D. H. Campbell, J. Infect. Dis., S9 : 266 (1936). 

G. A. Canning, Am. J. Ilyg., 9: 207 (1929). 

W. K. Blackie, J. Ilelminthol., 8; 93 (1930). 

K. B. Kerr, Am. J. Hyg., 27; 28 (1938). 

O. Wagner, Ztschr. /, Immunitiitsforsck. u. exper. Therap., 78: 372 (1933). 
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PROPHYLAXIS 

Vaccination of normal hosts against Ascaris has not been suc- 
cessful. Mice are said to become immune to somatic infections with 
Ascaris lumbricoides, however, after the oral administration of 
dried or powdered Ascaris substance.^- 

DIAGNOSIS 

Although complement-fixing antibodies and precipitins are both 
developed in Ascaris infections, tests for antibodies are not rou- 
tinely employed in the diagnosis of ascariasis. The skin test, how- 
ever, has had somewhat widespread trial. A few investigators have 
found the skin reaction a reliable index of Ascaris infection,^* but, 
especially in human beings, many discrepancies occur.’^ The skin 
of normal persons can be rendered sensitive by repeated testing.’ 
Many persons, furthermore, give a skin reaction even though never 
infected, although some form of prior contact with Ascaris antigen 
is probably essential.’*’ Many laboratory workers, for example, be- 
come sensitized by handling the parasite, even after it has been 
preserved. 

2. Toxocara Infection 

Toxocara canis and Toxocara jelis are found, respectively, in the 
dog and the fox, and in the cat, the leopard, and the lion. Both have 
also been recorded from man. The immunology of the infection 
has not been thoroughly studied with either parasite. A marked 
age resistance is manifested by the natural hosts of each parasite. 
Dogs more than six montlis old, for example, are seldom infected 
with the canine species. Feeding a diet deficient in vitamin A to 
dogs of a resistant age leads to loss of resistance, and older animals 
can thus be rendered susceptible to infection. The increased sus- 

72 Ibid. 

72 F. A. Coventry, J. Prevent. Med., 3: 43 (1929); F. Diehl and P. Schwocrer: 
Arch. /. exper. Path. u. Pharm., 183: 1 (1936). 

W. Jadassohn, Arch. f. Dermal, u. Syph., 156: 690 (1928) ; O. HefiRlin: Schweiz, 
med. Wchnschr., No. 1 : 11 (1929) ; O. K. Khaw, Arch. f. SchiSs- u. Tropen-Hyg., 33: 
46 (1929) ; E. M. Konus and S. A. Gakoubovitch, Med. Par. and Parasit. Dh., 6: 
107 (1937). 

W. Schoenfcld, Arch. /. Dermal, u. Syph., 175: 54 (1937). 

^0 T. L. Jones and A. A. Kingseote, Am. J. Hyg., 22: 406 (1935). 
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ceptibility may result from depression of the flow from the in- 
testinal glands of dogs on vitamin-A-deficient dietJ^ A specific 
immunity is acquired by cats against reinfection with Toxocara 
jelis, this resistance not requiring the persistence of the worms 
from the original infection 

3. Heterakis Infection 

The most important sf)ecies of the genus Heterakis is Heterakis 
gallinae, a parasite of turkeys. Its importance lies in its serving as 
a vector for Histomonas tneleagridis, a mastigophoran which causes 
blackhead in the turkey. The nematode also infects chickens. A 
second species, Heterakis spumosa, infects rats and mice. 

Infections with Heterakis gallinae are influenced very little by 
the age of the host or by the host’s diet. At least a diet deficient 
in vitamin A does not lower the resistance of chickens to infection 
with this parasite.®" Fowls with leukaemia generally suffer more 
intense infections than normal birds,®’ although those with tuber- 
culosis harbor fewer worms than normal birds.®- Recovery from a 
first infection confers to birds little or no protection against re- 
infection.®'' 

Both a natural age resistance and an acquired immunity to rein- 
fection have been demonstrated in rats with Heterakis spumosa. 
The acquired immunity persists even after all the worms are elimi- 
nated by carbon tetrachloride.®^ 

4. Ascaridia Infection 

NATURAL RESISTANCE 

HOST RESTRICTION 

The most important members of the genus Ascaridia are As- 
caridia lineata and Ascaridia galli, the common roundworms of 

” VV. H. Wright, J. Parasitol., 21: 433 (193S). 

■" M. P. Sarles and N. R. Stoll, J. Parasitol., 21: 277 (193S). 

^"P. A. Clapham, J. Helminlhol., 12: 7l (1934). 

™ P. A. Clapham, J. Helminthol., 11:9 (1933). 

P. A. Clapham, J. Helminthol., 16: S3 (1938). 

**-D. O. Morgan and J. E. Wilson, J. Helminthol., 16: 16S (1938), and 17: 177 
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both wild and domestic fowls. Turkeys also are susceptible to these 
parasites, although they are more resistant than chicks.'* ’ 

FACTORS INFLUENCING NATURAL RESISTANCE 

The genetic constitution of the chick is of importance in its 
natural resistance to Ascaridia lineata. Heavy breeds or heavy 
strains within breeds are usually more resistant than lighter ones.'*® 
The significance of the genetic constitution in resistance has been 
revealed experimentally by introducing peculiarly susceptible 
cockerels to a resistant flock of chickens. The level of natural re- 
sistance in the next generation is then definitely depressed.'*^ 

Older chickens are more resistant to Ascaridia than are young 
birds,**® the maximum resistance being attained at about ninety- 
three days of age.®" The resistance of the older birds is explained by 
the presence of thermostable growth-inhibiting substances in the 
mucus secretion of the goblet cells in the intestine of the older 
birds."" More goblet cells for the secretion of the mucus are found 
per unit area in the intestine of the older birds."’ 

A purely vegetable diet is less adequate than one containing 
animal protein for maintaining natural resistance to Ascaridia 
lineata. Vitamins also are important. In chicks on a diet deficient 
in vitamin A more and larger worms are found.”- More worms 
develop likewise in chicks with a vitamin B deficiency."" The ab- 
sence of vitamin D does not influence resistance to infection with 
Ascaridia lineata, although birds on a D-deficient diet grow more 
slowly than control birds."' Resistance to Ascaridia is also lowered 
by repeated hemorrhage."" 

J. E. Ackert and L. L. Eisenbrandt, /. Parasitol., 21: 200 (1935). 
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J. E. Ackert and J. H. Wilmoth, J. ParasifoL, 20: 323 (1034). 

J. E. Ackert, Trans. Dynamics of Develop., 10: 413 (19^5). 

J. E. Ackert, D. A. Porter, and T. D. Beach, J. Parasitol., 21: 205 (1935). 

J. E. Ackert, S. A. Edgar, and L. P. Frick, Tr. Am. Micros. Soc., 58: 81 (1939), 
and Proc. 3d Internal. Congr. Microbiol., p. 481 (1939) ; J. K. Ackert and L. P. 
Frick, /. Parasitol. {Siippl.), 26: 14 (1940). 

J. E. Ackert and S. A. Edgar, J. Parasitol. {Suppl.), 24: 13 (1938), and 26: 
14 (1940). 

E. Ackert, M. F. Mcllvaine, and N. Z. Crawford, Ant. J. Hyg., 13: 320 
(1931) ; O. Scifried, Miinchen. Tierdrzt. Wchmehr., 84: 540 (1933). 

J. E. Ackert and L. O. Nolf, Am. J. Hyg., 13: 337 (1931) . 

*** J. E. Ackert and L. A. Spindler, Am. J. Hyg., 9: 292 (1929). 

D. A. Porter and J. E. Ackert, Am. J. Hyg., 17; 252 (1933). 



200 


THE NEMATODIASES 


ACQUIRED IMMUNITY 

A slight measure of immunity to reinfection is acquired by chicks 
from an initial infection with Ascaridia lineata. The basis of the im- 
munity is obscure, but it probably depends on the development of 
specific antibody. The young ascarids characteristically burrow 
into the intestinal mucosa, and those of a superimposed feeding 
would be at this time affected by the circulating antibody.*® A 
slight immunity is also developed by chicks after vaccination with 
Ascaridia lineata antigens.®^ 

Infections with Enterobws and Related Forms 

NATURAL RESISTANCE 

The oxyurid nematodes individually have sharply restricted host 
choice. For example, the most important member of the group, the 
human pinworm Rnterobius vermicularis, is confined to man. Man, 
for his part, is infected with no other oxyurid worm. Comparatively 
little natural resistance is acquired with age by man against Entcro- 
bins vermicularis. The incidence of infection generally reflects the 
relative exposure. However, in one large survey in Washington, 
D.C., the incidence of pinworm infection was .35 percent in pre- 
school-age children, 51 percent in school-age children, and only 22 
percent in adults.*® 


ACQUIRED IMMUNITY 

Practically no specific immunity is acquired by man from an 
infection with pinworm. The infection is maintained in an indi- 
vidual only through reinfection, and reinfection can occur at any 
time. 

Skin tests with the specific antigen have been tried for the diag- 
nosis of the human infection, but with only limited success.*® 
Antigen from the rabbit oxyurid, Passalurus ambiguus, also has 

““ G. L. Graham, J. E. Ackert, and R. W. Jones, Am. J. Hyg., IS: 726 (1932). 

L. L. Eisenbrandt and J. E. Ackert, Am. J. Hyg., 32: 1 (1940). 

E. B. Cram and L. Reardon, Am. J. Hyg., 29: 17 (1939, sec. D). 

““ W. H. Wright and J. Boziccvich, J. Parasitol., 23: S62 (1937). 
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been employed in human cases, with apparently somewhat better 
results than with the specific material.*"” The rabbit worm antigen 
has the advantage of being more easily produced. 

Infections with Hookworms and Related Forms 
1. Ancylostoma and Negator Infections 

NATURAL resistance 

HOST RESTRICTION 

The hookworms of the genus Ancylostoma are quite limited in 
their choice of host. The species found in man, Ancylostoma duo- 
denale, probably develops only in man, although reports occasion- 
ally appear concerning its presence in dogs, cats, lions, pigs, and 
certain monkeys. Animal species of Ancylostoma will not mature 
in man, although, as in the case of Ancylostoma b,azilknsc and 
Ancylostoma caninum from the dog, the infective larval stage docs 
penetrate human skin. The larvae do not experience further de- 
velopment in man, although they may migrate in the skin for years 
thereafter, causing a form of “creeping eruption.” The New World 
hookworm of man, Necator amcricanus, has a somewhat broader 
host range than the species of Ancylostoma. It has been found in 
several monkeys, as well as in pangolins, pigs, dogs, rhinoceri, and 
certain rodents. 

It is difficult to explain the fact that only partial development of 
the hookworms occurs in some unnatural hosts. A marked decrease 
in host specificity can sometimes be induced, however, by treating 
the hookworm larvae with an emulsion of tissues of the normal 
host. Following such treatment, the larvae frequently experience 
further development in the strange host. For example, human 
hookworm larvae which are treated with an emulsion of human 
lung tissue develop in the rabbit to the point of sexual differentia- 
tion preceding the fourth eedysis. Biologic significance must, there- 
fore, be ascribed to the passage through somatic tissues which these 
parasites experience.*®* 

lOfiH. Tsuchiya and T. C. Kaucrlein, /. Lab. & Clin. Med., 24: 627 (1939). 
Nakajima, Jap, J, Exper. Mcd.t 10; IIS (1932). 
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FACTORS INFLUENCING NATURAL RESISTANCE 

Although such a general factor as the genetic constitution of the 
host influences profoundly the natural resistance of animals to 
hookworms,^"- other considerations also have signiflcance. Chief 
among these are the character of the diet and the age of the host. 
From experimental studies carried out upon dogs it is clear that 
susceptibility to hookworm disease increases when the quality of 
the diet is reduced. The worms in dogs on a poor diet develop faster 
and produce more eggs than those in animals on an adequate 
diet.*"* Diets low in minerals and vitamins seem most likely to 
undermine resistance.'"^ Essentially similar observations are made 
in human hookworm disease.’"" Factors which lead to anemia, such 
as periodic bleeding or a milk diet, also render hosts more suscep- 
tible to hookworm infection."’® The administration of iron salts 
exclusively to animals that are on a deficient diet generally fails 
to restore their natural resistance to the normal level,"” although 
in the therapy of human hookworm disease, it is true that admin- 
istration of iron is frequently attended with success."'® 

Age is not a very obvious factor in the natural resistance of man 
to hookworm infection, for the infection of man may occur at any 
age. Among dogs, however, younger animals suffer much heavier 
infections than older animals.'"® Little or no cellular response to 
the migrating larvae is seen in the skin of young dogs which are 
infected percutaneously, but in old dogs the progress of the larvae 
is quickly checked, and many forms are destroyed. A smaller per- 
centage of the larvae given to old dogs, therefore, reach maturity 
compared with that in young dogs."" 

1“- A. 0. Foster, Am. J. Hyg., 22: 65 (1935). 
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ACQUIRED IMMUNITY 
RESISTANCE TO REINFECTION 

Man does not acquire a very powerful immunity to reinfection 
with hookworms as a result of recovery from an initial infection. 
For example, reinfection occurs promptly after the worms of the 
first infection are eliminated by drugs.’” Dogs and cats, on the 
other hand, offer a partial immunity to superimposed experimental 
infections with Ancylostotnci cQttinutn,^^~ and this immunity can 
be raised to a fairly high level by repeated reinfection.^ Mice also 
can be protected against a fatal somatic infection with Ancylostoma 
caninum by prior exposure to small doses of living larvae. Severe re- 
actions of an Arthus type are seen about migrating larvae in the 
tissues of the immune animals.’” Acquired resistance to skin 
penetration by the larvae of Ancylostoma caninum has also been 
demonstrated in guinea pigs and in man.” ' 

ANTIBODY PRODUCTION 

Only recently has circulating antibody been very conclusively 
demonstrated in hookworm infection. The serum of dogs immune 
to Ancylostoma caninum is now known to contain a specific anti- 
body, and this antibody has been shown to act directly upon living 
infective larval forms exposed to it in vitro. The reaction between 
the serum antibody and the parasite substance goes on slowly, 
being first visible microscopically in about five hours. A granular 
precipitate develops first at the oral opening and the excretory 
pore of the larval worm, but later in the oesophagus and the intes- 
tine. After about five days the larvae are killed by the antibody.”" 

PASSIVE TRANSFER 

The injection of serum from an immune animal docs not com- 
pletely protect a normal dog against the dog hookworm. Dogs 
which are given an immune serum suffer less from the effects of in- 

111 >v. W. Cort, L. Schapiro, and N. R. Stoll, Am. J. Ilyg., 10: 614 (1929) . 

O. R. McCoy, Am. J. Hyg., 14: 268 (1931). 
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fection, however, and fewer mature parasites are recoverable than 
from control animals. Serum from mice recovered from a somatic 
infection with Ancylostoma caninum also protects a small per- 
centage of normal mice against a lethal dose of hookworm larvae.^’** 

MECHANISM OF IMMUNITY 

The mechanism of the specific immunity acquired against hook- 
worm infection is dependent upon the direct antagonistic effects of 
both the cells and the antibody of the plasma upon the larval para- 
sites in the somatic tissues. Practically no effect has yet been 
demonstrated upon the adult worms in the intestine. The defensive 
cells check the progress of and frequently immobilize the migrating 
larvae in the tissue after the antibody has attacked the worm 
directly and interfered, perhaps, both mechanically and chemically 
with the normal physiological processes of the larvae.^-" The func- 
tion of the defense mechanism seems peculiarly sensitive to factors 
which debilitate the host.’-^ 

PROPHYLAXIS 

Dogs can be rendered resistant to Ancylostoma caninum by a 
series of twenty-five to thirty successive infections with gradually 
increasing numbers of the homologous larvae.’-^ The use of killed 
larvae, however, is not effective for prophylaxis. For example, mice 
inoculated with killed forms are as susceptible as normal mice to 
somatic infection with the homologous parasite.'-'^ Vaccination has 
not yet been tried as a means of protecting man from infection with 
hookworm. 

DIAGNOSIS 

The diagnosis of hookworm disease in man does not usually 
require immunological methods. Nevertheless some investigators 

G. F. Otto, J. Parabiiol, (Suppl.)^ 24; 10 (1938). 

B. Kerr, Am. J. 27: 60 (1938). 

J. E. Stumberg, Am. /. //yg., 15: 186 (1932). 

F. Otto, Am. J. Hyg., 31: 23 (1940, .sec. D). 
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find skin tests a fairly reliable index of hookworm disease.’’* Most 
authorities, however, do not favor the skin test as a diagnostic pro- 
cedure in this infection, because of the group character of the reac- 
tion obtained.’-® Hookworm antigens also elicit a skin reaction in 
many other nematode infections, and antigens from other nema- 
todes, such as Ascafis lutnbricoidcs, elicit positive responses in 
hookworm patients.’^® 

2. Oesophagostomvm Infection 

Worms of the genus Oesopkat'ostomum have been but little 
studied immunologically. The different species are known, how- 
ever, to have rather limited host range. Oesophagostomunt apiosto- 
tnutn, for example, is found in several different apes and monkeys, 
and has been reported in man, but infests no other hosts. The ad- 
ministration of copper and iron in drinking water to pigs with 
Ocsophagostomum dcntatum benefits the host, aiding it to throw 
off the ill effects of the infection, but it appears to permit the worms 
also to thrive.’-’ Some slight degree of immunity to reinfection is 
said to accrue to calves which have recovered from an initial in- 
fection with Ocsophagostomum radiatum}'-’' 

3. Sy^gamvs Infection 

Gapeworms are somewhat restricted in host range, although 
usually several different species can serve as host. The cattle gape- 
worm, Syngamus laryngctts, infects cattle, water buffaloes, goats, 
and possibly man. Another species, Syngamus trachea occurs in 
chickens, turkeys, partridges, and some other birds. Age is a factor 
in the natural resistance of fowls to Syngamus trachea. Chicks more 
than ten weeks old are generally more resistant than younger 

R. Arnaud, Ann. Soc. beige de med. trap., 12: 5 (19.?2) ; A. B. Vattuone, M. J. 
Australia, 20th Year: 645 (1933). 

^25 J. H. H, Piric, F. Relief, and A. L. Fcrj'uson, Proc. Transvaal Mine Med. 
Officers* Assoc., 9: 19 (1929) ; J. E. Stumberg and R. Rodriguez Molina, Porto Rico 
J. Pub. Health & Trap. Med., 7: 37 (1931) ; G. W. Bachman and R. Rodriguez 
Molina, Porto Rico J. Pub. Health & Trop, Med., 7: 287 (1932). 

G. W. Bachman and R. Rodriguez Molina, Am. J. Trop. Med., 12: 279 (1932). 

127 L. A. Spindlcr, J. Parasitol., 20: 325 (1934). 

’28 R. L. Mayhew, J. Parasitol. {Suppl.), 25: 31 (1939); and /. Parasitol, 26: 
345 (1940). 
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birds, although even yearling hens sometimes can be infected.^®® 
A diet deficient in calcium, as well as in vitamin A, is said to pre- 
dispose chicks to infection.^®^ Female partridges appear to be pe- 
culiarly susceptible to infection.’®® Some authorities feel that the 
strain of egg-laying lowers the resistance of female birds to this 
parasite.’®® 

4. Trichostrongylvs Infection 

The trichostrongyle worms generally can infect several species 
of animals. One species, Trichostrongylus colubriformis, for exam- 
ple, is found in men, baboons, sheep, gazelles, goats, camels, ante- 
lopes, bharals, and squirrels. Another, Trichostrongylus orientalis, 
occurs in man, fat-tailed sheep, and Chinese camels. 

Little is known of the factors which influence natural resistance 
to the trichostrongylid nematodes. Immunity is acquired, however, 
as a result of prior infection with these parasites. Young lambs 
placed on infective pasture develop a firm immunity within five 
months, which enables them to resist infections fatal to normal ani- 
mals.’®* Immunity can also be conferred artificially to sheep and 
goats by repeated small doses of larvae.*®'- Rabbits likewise can be 
immunized within six to eight weeks against Trichostrongylus cal- 
caratus by giving progressively increasing doses of larvae.*®** 

5. Haemonchvs Infection 

The sheep wireworm, Hacmonchus contortus, is found com- 
monly in sheep throughout the world. It occurs also in such other 
ruminants as goats, cattle, moose, antelopes, chamois, bison, deer, 
bharals, argali, and caribou, and has been reported from man. The 
nutritional state of an animal is important in natural resistance to 
Hacmonchus. Poorly fed lambs are more susceptible to infection 

’ L*'"*'*’''' s- R > IIS: 18 (1934), and /. Ilelmin- 

inoi.f 17: 192 (1939). 

r i (1931); R. H. Waite, Maryland State 

Coll. Apncult., Bull., No. 234: 103. 

P. A. Clapham, Proc. Roy. Soc., London, s. B., IIS: 18 (1934) 

17-'l9^2 Parasitol., 23: 426 (1937); P. A. Clapham, J. Ilelminthol., 

S. C. Whitlock, J. Parasitol, 23: 426 (1937). 

E. L. Taylor, J. Helminthol., 12: 143 (1934). 

J. S. Andrews, J. Agric. Res., 58: 761 (1939). 

P. Sarles, J. Parasitol., 19: 61 (1932). 
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than those well In older sheep, however, dietary deficiencies 

must be severe before the resistance can be affected.’'"' Specific 
immunity to reinfection is acquired from prior infection,’®** al- 
though it is generally partial rather than absolute,”" and some- 
times it is of very low degree.”’ Proteins of the worm occur in the 
serum of heavily infected animals in sufficient amount to shock 
specifically sensitized guinea pigs.”-’ 

6. Nippostrongylvs Infection 

Worms of the genus Nippostrongylus are not of economic im- 
portance. One species deserves mention in some detail, however, 
because the results obtained with it in immunological studies serve 
admirably to demonstrate several principles of immunity appli- 
cable to helminths infections generally. 

NATURAL RESISTANCE 

Nippostrongylus muris is probably exclusively a rodent para- 
site, and may be restricted to rats and mice. Even some mice are 
relatively poor hosts for the parasite, however, for in the deer 
mouse the parasite fails to attain sexual maturity.”® Old rats and 
mice have greater natural resistance to it than young animals.'” 
The diet affects the natural resistance, for rats which are fed ex- 
clusively on a diet of whole milk ’ or on one with a deficiency in 
vitamin A ”“ are more susceptible to the parasite. 

ACQUIRED RESISTANCE 
RESISTANCE TO REINFECTION 

Rats, as well as mice, which have recovered from a previous in- 
fection with Nippostrongylus muris acquire an immunity to rein- 

A. H. H. Fraser and I). Robertson, Emp. J. Exper. Agric., 1: 17 (1933). 

I. C. Ross and H. McL. Gordon, Australian Vet. J., 9: 100 (1933V 

N. R. Stoll, Am. J. Hyg., 10: 384 (1929) ; R. L. Mayhew, /. Parasiiol. (Suppl.), 
26: 17 (1940). 

R. Stoll, Am. J. Hyg., 16: 783 (1932). 

I. C. Ross and H. McL. Gordon, Australian Vet. J., 9: 100 (1933) . 

J. E. Stumberg, Am. J. Hyg., 18: 247 (1933). 

D. A. Porter, Am. J. Hyg., 22: 444 (1935) ; J. Parasiiol., 21: 314 (1935). 

C. M. Africa, J. Parasiiol., 18: 1 (1931) ; k. C. Chandler, Am. J. Hyg., 16: 750 
(1932) ; D. A. Porter, Am. J. Hyg., 22: 444 (1935). 

D. A. Porter, Am. J. Hyg., 22: 467 (1935) 

L. A. Spindlcr, J. Parasiiol., 20: 72 (1933). 
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fection.*^’^ Usually the immunity is partial rather than absolute, 
and it is demonstrable by the smaller number of worms in the im- 
mune animals, or the smaller number of eggs in their feces. The 
acquired resistance in rats reaches its peak about two weeks after 
infection and gradually diminishes thereafter, unless the rat is rein- 
fected.^*® Usually a heavy infection is required before a significant 
immunity develops. Apparently part of the immunity is acquired by 
rats from the intestinal stage of the parasite independently of the 
development in the somatic tissues, for rats resist reinfection even 
when initially infected with adult worms given by duodenal tube.**® 

ANTIBODY PRODUCTION 

Antibody is demonstrable in vitro in the serum from rats infected 
with Nippostrongylus muris. It is precipitated about the oral open- 
ing and the excretory pore and within the oesophagus and intestine 
of larval worms placed in such immune serum. The treated worms 
are eventually so affected by the antibody as to be disabled or 
killed.*’'-® 


PASSIVE TRANSFER 

Immunity to Nippostrongylus muris can be conferred on normal 
rats by injecting them with serum from immune animals.*'’’* The 
serum acts not only on the larval stages migrating through the 
somatic tissues of the host but also on the adult parasites, which 
are promptly dislodged by it. 


MECHANISM OP IMMUNITY 


The earlier point of view considered that the immunity to Nip- 
postrongylus muris depended upon an interference with the para- 
site nutrition. Antienzymes were believed developed by the host 
to counteract the enzymes elaborated by the parasite to digest its 


i” C. M. Africa, J. Parasitol., 18: 1 (1931) ; B. Schwartz, J. E. Alicata, and J T 
Luefcer, J. Washington Acad. Sc., 21: 259 (1931) ; D. A. Porter, Am. J. Hyg., 22- 
444 (1935). 

A. C. Chandler, Am. J. Ilyg., 22: 243 (1935). 

L. A. Spindler, J. Parasitol., 20: 326 (1934), and Am. J. Ilyg., 23: 237 (1936) 
P. Sarles, J. Parasitol., 23: 560 (1937). 

p Sarles and W. H. Taliaferro, J. Infect. Dis., 59: 207 (1936), and J 
Parasitol. iSuppL), 24: 35 (1938). 
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food.^'’^ However, the recent demonstration of antibody in the 
serum of immune animals, the direct antagonism shown in vitro 
by this antibody upon the parasite, and the successful passive trans- 
fer of immunity to Nippostrongylus muris have demonstrated con- 
clusively that immunity to Nippostrongylus muris has a true anti- 
body basis.’'*''* The immunity, although resulting from a generalized 
immune response by the host, seems ti i be most effective upon the 
parasites in certain strategically placed organs. Larval forms are 
affected particularly in the skin and the lungs, and the adults in 
the intestinal mucosa. The worm is immobilized in these sites 
through the combined action of the specific antibody and the de- 
fensive cells of the host. The antibody incapacitates the parasite by 
directly attacking or interfering with its vital functions — including, 
certainly, that of nutrition — by chemically uniting with its tissues. 
The defensive cells meanwhile accumulate about the worm, at first 
loosely and later as a fibrotic nodule from which the larva cannot 
escape. The worm gradually becomes entirely immobilized, dies, 
and its debris finally is removed by the phagocytes. *''’■* 

7. Infections with Other Related Forms 
niCTYOCAULVS FILAR! A 

Dictyocaulus filaria occurs in sheep, goats, and some wild rumi- 
nants. Lambs in the field become comparatively resistant by the 
seventh month of life. This resistance is in part natural, being ac- 
quired with age, but also in part the result of a specific immune re- 
sponse to an early infection.’’^ 

META STRONG YLVS ETON G A TUS 

The lungworm, Metastrongylus clongatus, is found in pigs, wild 
boars, sheep, oxen, and, rarely, in man. Among pigs, young animals 
suffer the most severe effects. Recovery from a severe infection 
results in a partial immunity to reinfection.’^® 

A. C. Chandler, Am. J. Hyg., 22: 1S7 (1935), and 23: 46 (1936). 

jo3M. P. Sarlcs and W. H. Taliaferro, J. Infect. Dis., 24: 35 (1938). 

W. H. Taliaferro and M. P. Sarlcs, J. Parasitol., 23: 561 (1937), and J. Infect, 
Dis., 64: 157 (1939). 

Kauzal, Australian Vet. J., 10: 100 (1934). 

Schwartz and J. T. Lucker, J. Parasitol., 21: 432 (1935). 
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Infections with Filamoid Forms 

NATURAL RESISTANCE 

An extraordinarily limited host range is characteristic of all the 
filarial worms. Man, for example, is the only vertebrate susceptible 
to Wuchereria bancrofti, Loa loa, and Onchocerca volvulus. Like- 
wise, the dog is the only vertebrate host of Dirofilaria immitis. On 
the other hand, a member of the group somewhat remotely related 
to those species just named, Dracunculus medinensis, the guinea 
worm or fiery serpent, is infective for many hosts including man, 
fox, raccoon, mink, dog, horse, cow, skunk, and monkey. 

ACQUIRED IMMUNITY 

Very little experimental data is available upon acquired im- 
munity to filarid worms, because experimental infections of animals 
and man with these forms are either difficult or as yet impossible. 
It is known, however, that rabbits which have been first immunized 
with Dirofilaria immitis antigen and subsequently transfused with 
blood from a dog with Dirofilaria immitis infection eliminate the 
introduced microfilariae more readily than normal rabbits similarly 
transfused.’ A homologous antiserum from such immune rabbits 
manifests a marked lethal action in vitro upon the microfilariae.’’’** 

Most of the immunological studies upon these worms have been 
concerned with the diagnosis of the infections. Both skin tests and 
complement fixation tests have been used for the diagnosis of 
Wuchereria infections.””* Antigens for these tests are generally pre- 
pared from an adult filarid from dogs, Dirofilaria immitis, since this 
species is comparatively easily obtained in quantity and contains 
antigens effective for the tests in man. Contortospiculum rheae 
from the South American ostrich has also been shown to supply the 
necessary antigens and to serve for skin tests.’ '*'* Saline extracts of 
the worms are generally used in skin tests, but an alcoholic extract 
is preferred for the fixation test. The reactions are definitely of a 

H. Murata, Fukuoka Acta Med., 32: 54 (1939) 

J. G. Arnold, Jr., and T. L. Dup:gan, J. ParasUol, 23: 561 (1937). 

W. H. Taliaferro and W. A. Hoffman, J. Prevent. Med., 4: 261 (1930) ; N. H. 
Fairley, Tr. Roy. Soc. Trap. Med. & Hyg., 24: 635 (1931), and 25: 220 (1932). 

ICO w. Mohr and H. Lippelt, Klin. Wchnschr., 19: 157 (1940). 
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group character.'"! Skin tests and fixation reactions can also be 
elicited with the same antigens in loaiasis,'"- onchocerciasis,'"" and 
dracontiasis.'"* A specific antigen prepared from the guinea worm 
also serves for skin tests in dracontiasis.'"'- An adhesion reaction 
can also be obtained in vitro with the blood of persons with filariasis. 
In positive reactions leucocytes begin to adhere to the microfilariae 
in about one hour after the blood is drawn.’"" The reaction depends 
on the presence of specific antibody in the serum acting in much the 
same manner as an opsonin. 

Infections with Strongylojdes 

NATURAL RESISTANCE 

Nematodes of the genus Strongyloides have a comparatively 
limited host range. Strongyloides stercoralis of man, for example, 
infects man, as well as dogs, cats, and foxes, although the infections 
in the carnivores are poor and transient. Strongyloides papiUosiis 
infects sheep, goats, cattle, wild ruminants, rabbits, and minks. 
Strongyloides ratti infects only rats and guinea pigs.'"' An age 
resistance has been described in rats for Strongyloides 
The age resistance seems to be explained largely by the better ca- 
pacity of the old rats to make a specific immune response.*"" 

ACQUIRED IMMUNITY 

Experimental studies on Strongyloides ratti infection of rats 
show that an initial infection confers resistance to reinfection.'"' 

J. Rodhain and A. Dubois, Rev. beige de sc. 3: 613 (1931), and Tr Roy 

ir‘lS7°uSf * ' 
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T rop.Med. & Hy^., 25: 377 (1932) ; L. Van Hoof, Tr. Roy. Soc, Trop. Med &JIyz ’ 
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Usually the resistance becomes demonstrable in about one month, 
worms of the initial infection being expelled at that time.^’^ The 
filariform larvae are strongly agglutinated by an immune serum in 
vitro, and as they penetrate the skin of an immune animal they 
elicit a severe local reaction.” - The resistance to Strongyloides ratti 
is passively transferred with the serum to normal rats. The im- 
munity can also be induced artificially by vaccination with heat- 
killed larvae of the homologous parasite. 

A. J. Sheldon, Am. J. Hyg., 26: 3S2 (1937). 

S. Sato, Fukuoka-Ikwadaigaku-Zasshi, 26: 88 (1933). 

A. J. Sheldon, Ant. J. Ilyg., 29: 47 (1939, sec. D) ; H. J. Lawlor, Am. J. Ilyg., 
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Chapter XVII 

RESPONSE TO ARTHROPODS 


S OME PERSONS Suffer severely from contact with insects or other 
arthropods, whereas other individuals are but little affected. 
Often a tolerance of these pests is acquired by persons after pro- 
longed residence in an infested community. For example, new- 
comers to the Adirondack Mountains in New York State generally 
are attacked by the black flies which are found there, whereas older 
residents are annoyed but little.’ Likewise, in the San Francisco 
area of California, where fleas and mosquitoes abound, new resi- 
dents suffer from these pests chiefly during their first several 
months.- After this time, they seem to become less attractive to the 
insects. These differences or changes probably result from the 
development by the individuals of a true immunity by reason of 
continued contact with the offending arthropod. 

Immune responses of persons or of animals to .'.rthropods gener- 
ally follow bites, stings, or infections by these creatures. In every 
case in which an immune response is made, antigens of the parasite 
must get into the tissue of the host, and the reaction in all involves 
a specific response (perhaps with antibody formation) by the host 
to these antigens. In the case of bites the antigens are contained in 
the saliva which the arthropod injects. In stings the antigens occur 
in the inoculated venom. In actual infections the antigens are se- 
creted or excreted by the parasite itself while resident ir or migrat- 
ing through the host’s tissue. 

Before the effect of an arthropod bite or sting can correctly be 
interpreted as an immune response, it is first necessary to prove that 
the substance which the arthropod injects is without effect in a 

^ R. Matheson, Medical Entomology, Thomas (Springfield) (1932). 

2L. S. Cherney, C. M. Wheeler, and A. C. Reed, Ant. J. Trop. Med., 19: 327 
(1939). 
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normal person. This control has seldom been employed, and many 
reported cases of “sensitization” to arthropod bites or stings are 
not truly immune responses. They are rather evidence of the sus- 
ceptibility of local tissue to the native toxic effects of the injected 
arthropod substance. In the same way man exhibits a marked sus- 
ceptibility to the toxins of the diphtheria bacillus or the strepto- 
coccus when these are injected into the skin. After an individual has 
been bitten or stung many times by an arthropod, however, he 
acquires a true sensitivity to the arthropod substances, often mani- 
fested merely by his capacity to neutralize the toxic effect of the 
substance which the arthropod introduces. This capacity is quite 
analogous with that of man for neutralizing the diphtheria and the 
streptococcus toxins after he has been immunized with these 
antigens. 


RESPONSE TO BITES 

Immune responses to arthropod bites generally involve the blbod- 
sucking forms, which include, among insects, mosquitoes, flies, fleas, 
lice, and such hemipterans as bedbugs, and, among arachnids, 
ticks and mites. In the case of all these forms, saliva containing the 
antigens of the parasite is inoculated beneath the skin of the host 
through the inserted proboscis in a manner analogous to that of 
injecting any antigenic solution by means of a hypodermic syringe. 
The arthropod inoculates the saliva in order to prevent coagulation 
of the blood which it ingests, the saliva mixing with this blood be- 
fore it is withdrawn from the host. 

THE BITES OF INSECTS 

Any of the biting insects potentially can lead to an immune re- 
sponse, although only the blood sucking forms are of practical 
significance in this respect. Mosquitoes * are the worst offenders, 
although certain midges,^ and flies,® fleas,® and lice are also of 

»A. Brown and others, South. M. J., 31: S90 (1938) ; O. Hecht, Zool. anzeiger, 
87 : 94 (1930) ; E. N. Pawlowsky, A. K. Stein, and P. P. Perfiljew, Ztschr. f. Para- 
sitenk., 1: 484 (1928). 

^ A. Hase, Ztschr. /. Parasiienk., 6: 119 (1933). 

^ E. N. Pawlowsky, A. K. Stein, and P. P. Perfiljew, Ztschr. /. Parasitenk., 5: 1 
(1932) ; S. Szentkiralyi and F. Lorincz, Dermat. Wchnschr., 96: 289 (1933). 

« A. A. Boycott, Nature, 118: 591 (1926). 

^E. Griibel, Dermat. Wchnschr., 79: 1182 (1924). 
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importance. A succession of bites is probably required before an 
individual becomes sensitive to the bite, although sometimes no 
possibility of prior contact seems obvious.® Usually the reactions 
which develop in sensitive persons to the bites are mild, resembling 
the immediate type of skin reaction seen in tests for hay fever 
allergies. Sometimes, however, where a greater immune response 
has been made, either because of unusually severe exposure or be- 
cause of an unexpectedly great reactivity of the patient, a typical 
Arthus reaction can occur. One interesting case of acquired sensi- 
tivity to the bite of a mosquito ( Aedcs acgypti) has been reported 
concerning a child living in an area with a large mosquito popula- 
tion (near Jacksonville, Florida). When two and one-half years 
old, the child had comparatively mild reactions to mosquito bites. 
The severity of the reaction increased as the child grew, however, 
until, when nine years of age, the child experienced with each bite 
a severe Arthus response with necrosis. Injections of extracts of 
mosquito substance failed to desensitize the patient significantly. 
The sensitivity to Aedcs acgypti could be passively transferred to 
a normal person by inoculating locally serum from the child, and 
a local reaction occurred when the mosquito bit the inoculated area 
of the normal person.® 

Vaccination . — Persons sometimes can be immunized against the 
effects of insect bites by vaccination with the substance of the 
offending agent. This has been reported in persons sensitive to 
flea bite, the vaccine being prepared from the adult flea bodies. 
The vaccine has been tried experimentally in flea-infested areas 
near San Francisco with some success, although the routine use of 
such flea vaccine has not yet replaced other control measures di- 
rected against the fleas themselves.^® 

Homologous vaccines, perhaps containing the “toxins” of the 
insect, have been used to desensitize persons who give a severe 
reaction to mosquito bites.“ In the case referred to in the previous 
paragraph, which was hypersensitive to Aedcs acgypti, no signifi- 

* E. N. Pawlowsky, A. K. Stein, and P. P. Pcrfiljcw, Ztichr. f. Parautenk.. S- 1 
(1M2). 
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E. B. McKinley, Proc. Soc. Exper. Biol. & Mtd., 26: 806 (1929). 
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cant improvement resulted from the administration of such a 
vaccine.*^ 

THE BITES OF ARACHNIDS 

Ticks, mites,’ ^ and probably spiders, on biting individuals 
either defensively or for obtaining blood as food, elicit an immune 
response. In some cases a true venom is inoculated during the bite, 
which in the host body probably acts as does a true toxin by in- 
ducing the production of specific antitoxin. Such an antitoxin has, 
however, as yet not been experimentally demonstrated.’’’ The ac- 
quisition of immunity by repeated exposure to these toxins likewise 
has not been shown. For example, sheep may suffer repeatedly the 
typical paralysis which follows the bite of certain ticks. The acqui- 
sition of immunity to spider venom by man also has not been 
proved, although animals do acquire such an immunity to the same 
species of poisonous spider. 

The most thoroughgoing studies on the immune response to tick 
bite are those of Trager, who finds that guinea pigs after repeated 
infestation with larvae of Dermaccntor variabilis manifest a typical 
Arthus reaction to the bite, which prevents the larvae from feeding 
successfully upon the immune host.”* The sensitization can also be 
induced in the animal artificially by vaccination with tick sub- 
stance. A true antibody is evidently produced, for specific comple- 
ment fixation reactions can be obtained with the serum of rabbits 
vaccinated with the tick antigen.^^ 

Apparently an immune response by a host can be effective only 
upon ticks such as Dertnacentor variabilis, which feed slowly. Adult 
argasid ticks (for example, Arf^as persicus), which engorge in five 
to ten minutes, experience no difficulty in feeding upon specifically 
immune chickens. The immune response of the chicken, however, 

i*A. Brown and others, South. M. J., 31; S90 (1938). 

>®W. Trager, J. Parasitol. (Suppl.), 24: 20 (1938). 

“ C. M. Africa, Philippine J. Sc., SO: 205 (1933) ; L. H. Dunn, Am. J. Trap. Med . 
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I. C. Ross, Parasitology, 18 : 410 (1926) ; P. Regendanz and E. Reichenow, 
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does act against the larval argasid ticks which require at least four 
days for engorgement.** 

An immunity to the bites of mites also occurs. A severe local re- 
action — dermatitis — has been reported to many species, such as 
Tfornbicula irritans and Pedictdoides ventricosus. Presumably 
such reactions can develop only after sensitization, since natives 
long resident in an infested area develop an immunity to the der- 
matitis and even to attack by the mites. Antibody has been detected 
in the host’s serum during one mite infestation — namely, that of 
the ear lobe mite, Psoroptes communis cuniculi in rabbits.*" 

RESPONSE TO STINGS 

It is a long-established fact that bee keepers, stung repeatedly 
by bees, gradually react less and less to the bee venom and finally 
not at all. The inference is that the keeper has become “immune” 
to the venom. A definite immunity is developed rather quickly 
against bee sting, sometimes in three weeks or so, although several 
years usually are required for the immunity to reach its peak. Often 
a more-or-Iess absolute or perfect immunity is finally acquired to 
the chemical effects of the sting, and the individual becomes ac- 
customed to the mechanical injury as well. Some animals, such as 
frogs, birds, and skunks, have a natural immunity to hee venom.-" 

Sensitivity to bee sting can be reduced by repeatedly injecting an 
extract of the bee.-* Apparently the immune response has a group 
character, as would be expected, for the injection of an extract of 
the honey bee (Apis mellifica) is effective also for immunizing indi- 
viduals to the stings of yellow jackets and other wasps, as well as 
to the stings of ants.-- The issue is still not clear, however, whether 
such injections lead to desensitization or to an elevation of the im- 
munity to a threshold level which prevents injury to the body by 
the venom. The evidence seems to favor the second point of view. 

Very little experimental work has yet been done to determine 

Trager, /. ParasUol., 26: 71 (1940). 

J. T. Culbertson, Proc. Soc. Exper. Biol. & Med., 52: 1259 (1935). 
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whether an immunity is developed by man to scorpion stings, al- 
though desert animals which come in frequent contact with scor- 
pions are said to acquire such an immunity.--’ Fatal stings in man 
usually occur in those five years old or less, although death of per- 
sons as much as twenty years of age has been reported.-^ Several 
stings simultaneously are fatal to adults.-”’ An antiserum against 
scorpion venom is effective both prophylactically and therapeuti- 
cally in animals and greatly reduces the symptoms in human cases. 
Apparently to be effective the antiserum must be specific for the 
precise species of scorpion supplying the venom.-" 


RESPONSE TO INFECTIONS 

Arthropods which themselves penetrate the tissue of man some- 
times call forth powerful immune responses. The larvae of flies are 
of especial importance in this respect. The experimental infection 
with one species, Cordylobia anthropophaga, has been most care- 
fully studied and guinea pigs, monkeys, dogs, and man have all 
been shown to acquire a specific immunity from an initial infection 
with this form.*’ In immune guinea pigs the larvae of the second in- 
fection are usually dead within six days. The acquired immunity 
is first confined locally in the skin, but later it spreads to other 
areas. It lasts for at least several months. The immunity can be 
induced by vaccinating an animal with an emulsion of the larvae.*" 
Antibody specific for the body fluids of the larva appear in the ani- 
mal’s serum after either infection or vaccination.*® 

An essentially similar immunity appears in guinea pigs after an 
initial cutaneous infection with the larvae of Cochlioniyia ameri- 
cana. The acquired immunity is presumably localized in the skin, 
and animals remain susceptible to reinfection on the side of the 
body opposite that which harbored the initial infection. In this case 
the acquired immunity persists about forty days. A local skin im- 


2®W. H. Wilson, Records Egypt. Gov. School Med., Cairo, 2: 7 (1904). 

R. M. Linnell, Lancet, 177: 11 (1914). 

2°C. C. Hoffman, Anales Inst. Biol. Univ. Mexico, 2: 291 (1931), and 3: 243 


2C Xodd, cited by W, A. Riley and O. A. Johannsen, Medical Entomology, New 
York, McGraw-Hill (1938). 


D. B. Blacklock and M. G. Thompson, Ann. Trop. Med., 17: 443 (1923). 
~®D. B. Blacklock and R. M. Gordon, Ann. Trop. Med., 21: 181 (1927). 

D. B. Blacklock, R. M. Gordon, and J. Fine, Ann. Trop. Med., 24: 5 (1930). 
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munity can be developed to a slight degree by injecting a suspen- 
sion of dried larval tissue.®® 

From the results described above it would seem probable that 
cattle could be successfully immunized against warbles by vaccina- 
tion. The attempts made thus far to do so, however, have failed.®^ 
Nevertheless, cattle which are infected with warbles definitely re- 
spond immunologically to the parasite. For example, if a warble is 
accidentally crushed when in the tissue, the infected cow sometimes 
manifests a severe local inflammation or even symptoms of general- 
ized anaphylactic shock. 

Immune responses are also noted to mites. For example, follow- 
ing the ingestion of the tyroglyphid mites which are added to im- 
part the characteristic flavor to a famous cheese, the Altenburger 
Milbenkiise, sensitive persons sometimes experience a definite di- 
gestive upset. No immune response to scabies, which is caused by 
the burrowing mite Sarcoptrs scabeii, has yet been demonstrated. 

A. Horgstrom, Am. J. Trap. Med., 18: 395 (1938). 

•“ C. W. McIntosh, Rep. Vet. Direct. Gen. Canada, 51-52 (1932-33). 
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Chapter XVIII 

CLASSIFICATION OF PARASITES 


P ARASITES are generally classified according to morphological 
criteria. Different species are included in a single genus and 
different genera grouped in a single family because they are similar 
structurally. Relative nearness in relationship, therefore, depends 
on relative identity in structure. In a few cases, however, two 
species with identical morphology are considered distinct if they 
characteristically infect different hosts. Each of these parasites may 
have become rather perfectly adjusted physiologically to its own 
host, and neither can survive in the host of the alternate parasite. 
Thus natural susceptibility and resistance of the host is likewise 
useful for the purpose of classification. 

In comparatively recent years immunological tests have also 
been invoked to classify the parasites, the relationships being based 
upon the relative identity of the antigenic constitution of the para- 
sites. The serum from an animal immune to one parasite will react 
best in vitro with the substance of that parasite; it may also react 
with the substance of the related forms, usually less intensely. The 
nearness of relationship to the homologous parasite is usually 
shown by the relative intensity of the heterologous reactions. For 
the most part the findings from these immunological studies have 
corroborated the relationships already established from structural 
considerations. In a few cases, however, new and unexpected taxo- 
nomic points of view have resulted from the application of the im- 
munological procedures. 

GROUP RELATIONSHIPS 

Immunological procedures have been employed both to establish 
the large taxonomic groups of parasites and to determine relation- 
ships within single groups. The results are as yet incomplete in all 
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cases, however, and much of the data which is available requires 
corroboration before acceptance. The field is an especially favor- 
able one for future experimentation. 

SEACTIONS BETWEEN GROUPS 

Immunological reactions are of value in classifying only those 
parasites which have some antigens in common. Since no antigens 
are common to some large groups, immunological reactions cannot 
be employed to establish taxonomic relationships between these 
forms. For example, no antigens have been described as common to 
the different classes of protozoans or to any group of protozoans 
and the helminths. However, some antigens are common to two or 
more of the helminth classes. For example, reactions occur when 
antigens of such tapeworms as Taenia pisijormis and Moniczia 
expansa are tested with antiserums against such nematodes as 
Ascaris suum, Ascaridia lincata, and Toxocara canis, although, of 
course, they are weaker than those between each antiserum and the 
antigens of the homologous parasite. The group of spiny-headed 
worms (Acanthocephala) also has been shown to be more closely 
related antigenically to the flatworms than to the round worms. 
This observation holds considerable interest for systeniatists, since 
the acanthocephalids are usually classified with the round worms, 
from purely morphological considerations.^ 

The precise chemical nature of the antigens occurring simultane- 
ously in different parasite groups is as yet not clear. Certain poly- 
saccharides have been derived from various worms, however, which 
are absolutely specific. Even those from two such closely related 
nematode species as Ascaris lumbricoides and Ascaris stiwn are 
antigenically distinct.- Generally lipoids are thought to have 
very much broader specificity. 

RELATIONSHIPS WITHIN GROUPS 

In some groups of parasites the taxonomic relationships (in- 
cluding the differentiation of species) have been worked out almost 
exclusively by immunological procedures. In others, little, if any, 
use of these procedures has been made. 

> L. L. Eisenbrandt, Proc. Soc. Exper. Biol. €r Med., ,15: 322 (1936), and Am. J. 
Ilya., 27: 117 (1938). 

-D. II. Campbell, J. Parasitol., 23: 348 (1937). 
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Amoebae.— The most thoroughgoing study of the classification 
of amoebae by immunological procedures has endorsed the earlier 
classification based on morphology and biochemical reactions. A 
considerable antigenic similarity is indicated in the pathogen En- 
damoeba histolytica and the free-living forms Flabellula citato, Fla- 
bellula myra, Mayorella conipes, Mayorella bigemma, and Chaos 
diffluens, although an extract of these free-living forms fails to fix 
complement when mixed with thp •jerum of a patient infected with 
Endamoeba histolytica!* In contrast, an extract of any strain of 
Endamocba histolytica will serve as antigen for the fixation test in 
amoebiasis.^ 

Some authorities consider Endamocba dispar a separate patho- 
genic species from End imoeba histolytica. They point out that the 
dog is immune to the specific parasite after recovery from En- 
damocba dispar infection, but remains susceptible to Endamoeba 
histolytica.^' Others believe the two forms identical. 

Lcishmania. — The leishmanias of kala azar, oriental sore, and 
espundia cannot be differentiated morphologically or by biochemi- 
cal reactions, and the usual classification of the organisms rests 
upon the pathology of the infections they produce. Some doubt 
prevails, however, that the differences in pathology are properly 
related to distinct organisms, since the relative susceptibility of the 
host may about as well explain some of the observed differences. 
For example, oriental sore and espundia may be merely local mani- 
festations of the generalized kala azar. However, some immunologi- 
cal evidence for differences among the parasites causing these dis- 
eases has also come to light. The serums from rabbits inoculated 
severally with cultures of Lcishmania donovani, Lcishmania trop- 
ica, and Lcishmania braziliensis generally agglutinate the homolo- 
gous organisms best,*’ although occasionally strong cross-reactions 
are reported.'^ If the rabbit antiserum against the various species is 
added to cultures of homologous and heterologous leishmanias, 
lysis occurs only in the tubes of homologous culture and growth 

3L. Hcathman, Am. J. Ilyg., 16: 97 (1932). 

^ P. E. Mcnendez, Am. J. Hyg., 15: 785 (1932). 

•’T. Simic, Ann. de parasitoL, 13: 345 (1935). 

« A. Laurinsich, Pedtalria, 39: 345 (1931) ; G. Franchini and E. Pirami, Arch. ital. 
di sc. med. colon., 11: 666 (1930). 

7 J. C. Ray, Arch. f. Schiffs- u. Tropen-Hyg., 33: 598 (1929). 
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continues in the other tubes.® Less conclusive results to support the 
separate etiologies of these different clinical pictures have been ob- 
tained by the adhesin test, using the serum of mice which have 
been injected with cultures of the various leishmanias. In these 
tests essential identity is indicated for Leishmania donovani and 
Leishmania tropica, as well as for the canine strains of each.” 

Trypanosomes . — ^The trypanosomes are easily differentiated into 
several large groups by morphology alone. Thus the so-called 
pathogenic forms, the lewisi group. Trypanosoma cruzi, and the 
trypanosomes of birds and of cold-blooded animals can all be iden- 
tified. Within each group, however, some species bear close resem- 
blance structurally. Various members of the lewisi group, for 
example, are identical in morphology. These can often be differenti- 
ated by their infectivity. The type species Trypanosoma lewisi in- 
fects rats, but not mice, whereas another species of the group. 
Trypanosoma duttoni, infects mice, but not rats. 

The pathogenic trypanosomes also can to some extent be dif- 
ferentiated by host susceptibility. Those which naturally infect ani- 
mals characteristically do not infect man, and those of the vivax 
group are distinct in that they do not infect the laboratory rodents. 
They can best be differentiated, however, through immunological 
tests. This has been done by the French workers chiefly in goats 
and sheep, which typically recover from infections with these forms 
and thereafter resist reinfection with the homologous species. Since 
their immunity is rigidly and narrowly specific, however, and 
heterologous species readily produce infections in recovered ani- 
mals, strains of trypanosomes can somewhat easily be identified 
and differentiated by appropriate immunological tests in these ani- 
mals. A similar test can also be performed in mice. If an initial in- 
fection with a given pathogenic trypanosome is cured by the 
administration of a suitable drug, the mouse will resist reinfection 
with the homologous parasite while remaining susceptible to het- 
erologous species. Unfortunately the results from these tests in 
mice have led to confusion because of the extraordinarily narrow 
specificity of the immunity. Even relapse strains within a given 
species behave in these tests as distinct species. 

«F. da Fonseca, Am. J. Trap. Med., 12: 4S3 (1932), and 13: 113 (1933) 

» N. I. Chodukin and M. S. Sofieff, Arch. f. Sekiffs- u. Tropen-Hyg., 34: 369 (1930) . 
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Other immunological procedures, such as anaphylactic tests in 
guinea pigs, have also been employed for classifying the trypano- 
somes. Trypanosoma lewisi can thus be differentiated from the 
pathogenic species, but the pathogens cannot by this means be 
distinguished one from another.^" 

Malarias. — ^The malarias of man, monkeys, and birds can be 
differentiated by immunological procedures. The four human ma- 
laria parasites are all distinct morphologically and are just as 
definitely so by immunological procedures, since recovery from an 
infection with one will not protect against the others.” Indeed 
immunity in malaria is specific for a given strain, and reinjection 
with a heterologous strain, even of the same species, will result in in- 
fection.'- By immunity tests strains within spec ies can be identified. 

Immunological tests have indicated that at least seven distinct 
species of bird malarial parasites exist which are infective for 
canaries, these being Plasmodium cathcmerium, Plasmodium prae- 
cox, Plasmodium circumflexum, Plasmodium elongatum, Plasmo- 
dium nuclcophilum, Plasmodium rouxi, and Plasmodium vaugh- 
Immunity against only the homologous parasite follows 
recovery from one of these species, and infection with others can 
usually be expected. The species also are distinct in morphology, 
however, and both morphologic and immunologic facts must be 
considered in the differentiation of species. Distinct immunological 
strains are recognized within several species, although these strains 
usually appear to have many antigens in common.” 

Coccidia. — Immunological tests can be used to differentiate 
various coccidia when these infect the same host. A rabbit which is 
immune to Eimeria perforans, for example, is still susceptible to 
Eimeria siiedae,'^^ and a chicken which has acquired an immunity 
to Eimeria tenella remains susceptible to Eimeria nccatrix.^'^ All the 
H. Furukawa, Japan M. World, 8: 136 (1928). 

S. P. James, W. D. Nicol, and P. G. Shute, Am. J. Trap. Med., IS: 187 (1935). 
i-M. F. Boyd, W. K. Stratman-Thomas, and H. Muench, Am. J. Ilyg., 20: 482 
(1934) ; M. F. Boyd, W. K. Stratman-Thomas, and S. F. Kitchen, Am. J. Trop. 
Med., 16: 139 (1936) ; M. F. Boyd and W. K. Stratman-Thomas, Am. J. Hyg., 17* 
SS (1933). 

D. Manwcll, Am. J. Trop. Med., IS: 26S (1935). 
i**R. D. Manwell and F. Goldstein, Am. J. Hyg., 30: llS (1939, sec. C) ; R. D. 
Manwell, Am. J. Hyg., 27: 196 (1938). 

1° G. W. Bachman, Am. J. Hyg., 12: 641 (1030). 

i®E. E. Tyzzer, H. Thciler, and E. E. Jones, 4m. J. Hyg., IS: 319 (1932). 
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coccidia have a comparatively restricted host range, many forms 
being infective only for one or two species. 

Trematodes. — Immune reactions have not been extensively used 
for classifying or differentiating the trematodes. Yet the inter- 
relationships of certain trematode families have been studied by 
the precipitin test.^'^ Furthermore, it is known that the schistosomes 
of mammals all have some antigens in common, since any mam- 
malian schistosome will provide antigens useful for the fixation 
test in human schistosomiasis.^* The liver fluke. Fasciola gigantica, 
evidently also possesses some antigens like those of schistosomes, 
since extracts of these forms are also useful in the skin test for 
schistosomiasis.’® 

Cestodes. — Immunological procedures have not been much tried 
for classifying the cestodes, although their use is strongly indicated 
for this purpose. Species whose adults are structurally similar, yet 
which are evidently distinct because of differences in infectivity 
(such as Taenia scrrata and Taenia crassicoUis) , could possibly be 
shown to have distinct antigenic constitution by appropriate im- 
munological procedures. Two species, Moniezia expansa and Dipy- 
lidium caninum, have been indicated by precipitin tests to be more 
closely related to each other than either is to Taenia crassicoUis r'' 
Such a result was expected, however, from a study of the morphol- 
ogies of the several worms. The various cestodes are known to 
have many antigens in common. For example, an antiserum pre- 
pared by injecting an animal with either Taenia or Diphylloboth- 
riutn substance reacts in the test tube with both the specific and the 
alternate antigen.-’ Furthermore, antigenic extracts from practi- 
cally any cestode serve to elicit skin tests in hydatid disease." 

Nematodes. — Certain recognized relationships among nematodes 
and especially among the ascarids have been confirmed by immune 

I’R. W. Wilhelmi, /. ParasHol. (.Suppl.), 2S: 31 (1939), and Biol. Bull., 79- 64 
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reactions.^* Ascaridia Uneata of the chicken, for example, has been 
found through precipitin tests to be more closely related to the 
Ascaris of pigs or the Toxocara of dogs than to Heterakis papillosa 
of chickens.*'* Among the hlarid nematodes, also, many are known 
to have common antigens. An extract of Dirofilaria immitis from 
the dog, for example, will serve for skin tests or for fixation tests 
in all the human filariases.-® Antigens suitable for skin testing in 
human filariasis also have been derived from Ascaris lumbricoides 
and from Contortospiculum rheae?"' 

COMPLETION OF LIFE CYCLES 

The various stages of a parasite species have, so far as is known, 
the same antigenic constitution.-" Antigens from two forms which 
are suspected to represent different stages of the same parasite 
should, then, react equally with an antiserum prepared against 
either. Use has been made of this fact in completing the life cycles 
of certain parasites. Since, for example, by agglutination tests 
Lcishmania tropica from man and Herpetomonas papatasii from 
an invertebrate are the same in antigenic structure, these forms are 
considered successive stages of one species of parasite by some 
authorities.-** Probably the method will eventually have somewhat 
greater u.se for the purpose among helminths, although, until the 
present, it has had but little application.’"* 
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chapter XIX 

VACCINATION AGAINST 
PARASITES 


F ophylaxis through vaccination is possible in animal infec- 
tions with representatives of nearly all groups of parasites. 
Only in rare cases, however, have the fundamentals of such protec- 
tion been worked out adequately so as to permit the application of 
the methods to corresponding human infections. 

Vaccination may be carried out by ( 1 ) infection with small num- 
bers of living virulent parasites, (2) administration of living but 
avirulent strains of homologous parasites, and (3) inoculation of 
killed homologous organisms. The essential requisite, whatever 
the method employed, is the intensive stimulation of the host with 
the antigens of the parasite. The immune response thus engendered 
is generally characterized by the development of antibodies, al- 
though sometimes the demonstration of these antibodies is diffi- 
cult or impossible. 

EXAMPLES OF VACCINATION IN DIFFERENT DISEASES 
AMOEBIASIS 

Vaccination against Endatnoeba histolytica has as yet not been 
investigated. Such studies have until now been prevented because 
of the difficulty experienced in obtaining the amoebae in sufficient 
concentration and purity to prepare a vaccine. 

LEISHMANIASIS 

Oriental sore is one of the few parasitic infections against which 
man is known to acquire protection through vaccination. Vaccina- 
tion against the disease is rather widely resorted to, apparently with 
considerable success, in those parts of the world where a large per- 
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centage of tlic general population suffers from oriental sore.^ To 
secure protection, fully virulent Leishmania tropica apparently 
must be inoculated into the skin and a typical lesion must be ex- 
perienced. On recovery from this initial infection the individual 
is immune to reinfection. Even when the first lesion occurs in some 
hidden area of the skin, the recovered individual is nevertheless 
protected against the danger of disfiguration from lesions in an 
exposed site, such as the face. Experimental work in animals, even 
when living organisms are used as the vaccine, however, does not 
support vaccination as a protective method. Monkey.s, for example, 
can be reinfected readily after recovery from an initial experi- 
mental lesion.^ The injection of killed cultures either to man or to 
animals confers no protection. The vaccination of man against kala 
azar has not been tried, and efforts to protect animals by this 
procedure have thus far been unsuccessful."'* 

TRYPANOSOMIASIS 

Attempts to protect man against trypanosome infections by 
vaccination have not yet been reported. In Africa the vaccination 
of domesticated animals with very small doses of virulent organ- 
isms has been tried and some favorable results have been reported.^ 
However, perfect protection is so seldom obtained even by those 
who have devised the methods that the routine use of such vaccina- 
tion for protection is not advised. The chief stumbling blocks ap- 
pear to be the multiplicity of biologic strains of trypanosomes which 
are potentially pathogenic for domesticated animals in the endemic 
areas and the capacity of each of these to vary even further as its 
need arises. The chance seems remote, if not nonexistent, for the 
preparation of a vaccine of sufficient biologic breadth to protect 
against all these infective strains. Experimentally, however, ani- 
mals can be protected against any specific immunologic strain by 
vaccination with killed homologous organisms. 

The small laboratory rodents can be protected often perfectly 

1 A. P. Lawrow and P. A. Dubowskoj, Arch. }. Sekiffs- u. Tropen-Hyg., 41: 374 
(1937) ; K. I. Marzinowsky, Bull. Soc. path, exot., 21: 638 (1928). 
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^ B. Malamos, Arch. j. Schiffs- n. Tropen-Hyg., 41 : 416 (1937) ; T. J. Kurotchkin, 
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against trypanosomes of the lewisi group by the injection of killed 
suspensions of homologous trypanosomes.® The problem in this 
case, however, is a comparatively simple one, since only a single 
biologic strain of each species exists. Indeed, there is even a group 
reaction, the same antigens occurring in different species of para- 
sites, and mice can be immunized against Trypanosoma duttoni 
by vaccination with killed Trypanosoma lewisU' 

MALARIAS 

Experimental attempts to protect man and monkey against ma- 
laria through vaccination have failed except when an individual 
has suffered a typical infection of comparative severity. The inocu- 
lation of vaccines consisting of killed organisms is without protec- 
tive effect.'^ In bird malaria, however, some protection is said to 
follow vaccination with organisms which have been killed with 
formaldehyde or rendered avirulent by prolonged exposure to low 
temperature.” 


COCCIDIOSES 


Chicks, as well as pigs, cattle, and some other animals, can be 
specifically protected against coccidiosis by feeding very small 
doses of fully virulent coccidia.® Symptoms often become rather 
acute, but the infections are generally self-limiting, and resistance 
for short periods after recovery is the rule. Larger doses of coccidial 
cysts can be used in chicks, and a somewhat higher level of im- 
munity can be developed, if the cysts are heated prior to their ad- 
ministration.^* The parenteral injection of dead coccidial substance 
does not lead to protection.^^ 
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TREMATOOUSES 

Little experimentation on vaccination against trematodes has 
yet been done. Rabbits can be protected against Fasciola hepatica 
by the injection of the homologous substance,’ - but the use of such 
vaccination in sheep and cattle — species which so frequently suffer 
from fascioliasis has not yet been tried. The infection in these 
animals is probably of sufficient economic importance to warrant 
the development of methods for vaccination. 

Vaccination of man against schistosomiasis also has not yet been 
attempted, despite the fact that specific means of protection against 
the disease might have application in endemic areas. The fact that 
man responds immunologically rather powerfully following infec- 
tion suggests that an effective immunity might follow vaccination. 

CESTODIASES 

Animals can be protected against subsequent infection with lar- 
val cestodes both by recovery from a prior mild infection and by 
vaccination with the killed homologous cestode substance. The best 
evidence of such protection is seen in experimental cysticercosis of 
rats and rabbits.’’’ Oxen also are protected against subsequent 
heavy infections if they first experience a mild attack of cysticerco- 
sis.’^ Probably man likewise could be protected by vaccination 
against infection with cysticerci, although because cysticercosis is 
quite rare in man, need hardly exists for such prophylactic meas- 
ures. 

Vaccination against hydatid or echinococcus disease with killed 
antigens is sometimes partially successful in sheep,’ and its use in 
man is not contraindicated. An individual who already is infected 
with echinococcus disease might benefit by vaccination with the 
antigens of the parasite. Such a vaccinated person might thereafter 
resist reinfection from a ruptured cyst and might even destroy those 
cysts which are already present. There is need for experimental 

i-K. B. Kerr and O. L. Petkovich, /. Parasitol., 21: 319 (1935). 
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work on this problem, for it would have considerable practical ap- 
plication. 

NEMATODIASES 

Experimental animals can be protected through vaccination 
against many nematodes, including ascarids,^** hookworms, and 
some of their relatives, as well as Strongyloides and Trichinella.'^ 
Protection is sometimes conferred by inoculating killed antigens, 
although actual infection with small numbers of parasites must 
often be resorted to. No effort has been made thus far to duplicate 
any of these results in man, probably in part because most of these 
infections are of limited severity in man or can be controlled easily 
through treatment with chemotherapeutic agents. Trichiniasis is 
one exception. This disease is sometimes fatal to man, and no 
method of specific treatment is available. For the most part, how- 
ever, human infections with Trichinella are very mild. Further- 
more, the disease does not occur in man with sufficient frequency 
to require the vaccination of the general population. 

Whether or not mild infections with Trichinella confer to man a 
specific immunity against contracting a subsequent severe infec- 
tion has not been proved, although certainly such an effect would 
be expected from the results obtained with TrichincUa infections in 
experimental animals. 

THE PREPARATION OF VACCINES 

The vaccines employed for protecting animals from parasitic 
infection in many cases represent merely the living, fully virulent 
homologous parasites obtained either in culture or else directly or 
indirectly from an animal harboring them. In other cases these 
forms before administration are exposed to various physical or 
chemical agents to reduce their virulence without killing them. 
Often they are killed outright, either by desiccation or gentle heat- 
ing or by treatment with formaldehyde, phenol, or other disinfec- 

Ztschr. /. Immunildlslonch. u. exper, Therap., 78; 372 (19331 • 
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tant. Usually these killed vaccines are prepared as suspensions or 
extracts of the isolated parasites. 

VACCINES OF VIRULENT ORGANISMS 

Virulent Leishtnatiia tropica serve as vaccine in oriental sore. A 
culture of these parasites is generally employed,-® although the 
essential initial lesion can also be established by direct transfer of 
material from a primary lesion in a patient to the skin of a normal 
person. Likewise, the injection of a few fully virulent pathogenic 
trypanosomes or the feeding of small numbers of fully virulent 
coccidia protects domestic animals against subsequent infection 
with the homologous forms. The administration of small numbers 
of malaria organisms has been reported to lead to the protection of 
man.-’ Cattle also are protected against Texas fever if first inocu- 
lated with the virulent causal piropla.sm when young, or if the in- 
fection in older animals is controlled by the administration of 
trypan blue after parasites have appeared in the peripheral blood.’* 
Likewise, the administration of small numbers of virulent oncho- 
spheres of the taeniid cestodes or of the infective larvae of asca- 
rids,’® hookworms,’’ Strongyloides,-* and trichinae ’® serves for 
vaccinating against subsequent infection with the corresponding 
parasites. 

VACCINES OP ORGANISMS OF REDUCED VIRULENCE 

It is extraordinarily difficult to reduce the virulence of an animal 
parasite while preserving its other natural qualities. In very few 
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cases has this been done so that thereafter the organisms can be 
used for vaccination. Success has been reported with the plasmodia 
of bird malaria by subjecting these organisms to prolonged expo- 
sure to low temperature.*® It has also been reported with the coc- 
cidia of chickens by gentle heating.®* 

KILLED VACCINES 

Vaccines consisting of isolated homologous organisms killed by 
desiccation or heat or else by treatment with chemicals have been 
prepared for several parasitic infections. A good vaccine against 
Trypanosoma lewisi of the rat, for example, can be made by formo- 
lizing the parasites after separation from the blood of an intensely 
infected young rat.®- A formolized homologous vaccine has been 
used in bird malaria.®® With the helminths the isolated parasites are 
usually killed by desiccation, then (after trituration, in the case of 
the large forms) resuspended and extracted in such sterilizing so- 
lutions as O.S percent phenol or formalin. Effective vaccines for 
inoculating animals have been prepared in this or an essentially 
similar manner for such helminths as Fasciola hcpatica,^* Taenia 
scrrata, Taenia crassicollis;''' Nippostrongylus muris,'"^ Strong- 
yloides ratti;'"' and Trichinclla spiralis?* 
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Chapter XX 

DIAGNOSIS OF PARASITIC 
INFECTION 


P ARASITIC INFECTIONS Can be diagnosed by detecting in the blood 
serum or tissues of the host either the antigens of the parasite 
or the antibody which the host has formed against these antigens. 
The test for antigen, which is rarely employed in diagnosis, is use- 
ful chiefly in very acute infectiohs, and among these during only 
the early stages. The tests for antibody, on the other hand, arc 
widely used and serve in both acute and chronic infections. Anti- 
body tests often do not become positive before the second or third 
week after infection, since time must elapse to permit the host to 
react with antibody formation after invasion by the parasite. 

In order that the host can form antibody it must be significantly 
affected by the parasite, either through the invasion of its tissues 
by the parasite or through the absorption of para.site antigens from 
the intestine. In general, parasites which dwell in the lumen oi the 
intestine stimulate only traces of antibody at best, and immunologi- 
cal tests can be applied in the diagnosis of these infections with only 
limited success. In contrast, parasites which reach the somatic tis- 
sues or which experience a blood stream passage stimulate larger 
amounts of antibody, and infections by them can be identified 
through tests for antibody with greater facility. 

In the diagnosis of infection by immunological methods one must 
keep clearly in mind the specific and invariable quality that homol- 
ogous antigens and antibodies have of uniting with each other. If 
one has available a known antibody he can test a patient’s specimen 
for the presence of the homologous antigen; if one has at hand a 
known antigen he can detect the corresponding antibody. Usually 
the detection of either the antigen of a parasite or the antibody 
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specific for it suffices to establish that the host is infected with that 
parasite. Since parasites are constituted of many antigens, how- 
ever, and since certain of these antigens usually occur also in re- 
lated parasites, confusing group reactions — often inaccurately ex- 
plained as of nonspecific character — are frequently encountered, 
just as in the diagnosis of bacterial diseases. Furthermore, since 
tests for antibody often remain positive for years after clinical re- 
covery, positive tests, although perhaps correctly identifying the 
presence of a given parasite in the patient’s tissues, do not prove 
that the parasite in question accounts for the symptoms which the 
patient exhibits at the time the test is made. Therefore positive 
immunological tests must be carefully studied and cautiously in- 
terpreted before a given parasite is declared responsible for the 
symptoms which a patient presents. 

TESTS FOR ANTIGEN 

As yet relatively little use has been made of the te.st for antigen 
in diagnosis, although, especially in intense infections, there is much 
to recommend it. It has been employed in leishmaniasis, trypano- 
somiasis, and malaria, among protozoan diseases. Leish mania anti- 
gen can be detected by the fixation test in the serum of patients or 
animals with kala azar, the specific antibody for the test coming 
from a rabbit artificially immunized with cultures of leishmania.^ 
Nonspecific results, however, occasionally are obtained.® A similar 
fixation test will detect the antigens of Plastnodium knowlcsi in the 
serum of intensely infected Macacus rhestts? The serum antibody 
for this test can be obtained from an immune Macacus rhesus. A 
thermoprecipitinogen test has been described for experimental 
trypanosomiasis. When heated extracts of the tissue of a rabbit or 
guinea pig infected with Trypanosoma equipcrdum are mixed with 
the serum of a recovered animal, a precipitation reaction promptly 
occurs.'* 

Among the helminthiases, both trichiniasis of rabbit and Hae- 

iL. Nattan-Larrier and L. Grimard-Richard, Compl. rend. Soc. de biol., 113: 
1489 (1933) ; L. Nattan-Larrier and L. Grimard, BvU. Soc. path, exot., 28: 6S8 
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monchus infection of sheep can be diagnosed by testing the serum 
for antigen during the early days of infection. A precipitin reaction 
occurs when serum from an animal infected with TrichineUa larvae 
a day or so earlier is mixed with a specific antiserum.® A more deli- 
cate test is required in the Haemonckus infection. If blood from a 
sheep with haemonchiasis is injected to a guinea pig which has pre- 
viously been sensitized with Haemonckus substance, a rise in the 
absolute number of eosinophiles in the guinea pig occurs because 
of the presence of Haemonckus antigens in the sheep blood.“ 

The tests for antigen have the distinct advantage of diagnosing 
the infection in its early stages. This is important to the clinician, 
since it permits treatment to begin earlier. Indeed by the time anti- 
body has appeared and positive tests for antibody are possible, the 
patient is often well along toward recovery and beyond the need of 
treatment. At this time the diagnosis is relatively unimportant ex- 
cept in a confirmatory capacity. 

TESTS FOR ANTIBODY 

All the different tests for antibody have been invoked for diag- 
nosing parasitic infection. Complement fixation, precipitation, and 
skin tests have been most extensively employed, although aggluti- 
nation and adhesin tests also have had some use. 

AGGLUTINATION TESTS 

Agglutination tests have been little used in the diagnosis of para- 
sitic infections chiefly because only a few parasites can be prepared 
in the form of an agglutinable suspension. Nevertheless several 
protozoans are obtainable in this form, and the agglutination test 
can be used to diagnose the corresponding infections. Malaria, 
leishmaniasis, and trypanosomiasis have all been diagnosed by the 
agglutination test. Plasmodium knowlesi malaria of monkeys has 
been especially studied." In this infection agglutinin appears be- 
tween the fifteenth and forty-fifth day after infection, the agglu- 
tinin titer often rising thereafter to about 1 : 1000. Peculiarly, only 
the mature malaria parasites are clumped by the antibody, pre- 

J. Bozicevich and L. Dctrc, Pub. Health Rep., SS: 683 (1Q40). 

J. E. StumberK, Am. J. Hyg., 18: 247 (1933). 
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sumably because immature stages occur so deeply within the red 
cell that the antibody in the immune serum cannot reach them. 
Plasmodium circumjlcxum of the canary is likewise agglutinated 
by an immune serum.® A similar clumping of Plasmodium falci- 
parum in human serum has also been reported.® A number of in- 
vestigators have reported finding agglutinins for Leishmania dono- 
vani in the serum of patients with kala azar, although the titers have 
generally been too weak for use in diagnosis.’® 

Agglutinins are developed by animals after experimental infec- 
tion with many pathogenic trypanosomes, including Trypanosoma 
gambiense, Trypanosoma brucei, and Trypanosoma equiperdum,^^ 
as well as with trypanosomes of the lewisi group.’- The test for 
agglutinins has been used in dourine of the horse. It has not at- 
tained general use in the African form of human trypanosomi- 
asis.’® Its use has been suggested in Trypanosoma cruzi infec- 
tions.” 

The agglutination test has not been used for diagnosing helminth 
infections. Serum from an animal infected with Strongyloidcs will, 
nevertheless, clump a suspension of the homologous infective lar- 
vae.’® Probably the agglutination of finely divided particles of other 
helminths would also occur if a specific immune serum were added 
to a suspension of them. 

PRECIPITATION TEST 

The test for precipitins has been employed only rarely for diag- 
nosing any of the protozoan infections and in none has it attained 
general use. The difficulty in procuring a suitable antigen has pre- 
vented its wider trial. Positive precipitin tests have been reported, 
nevertheless, in amoebiasis, trypanosomiasis, and malaria. The pos- 
itive tests in amoebiasis have been obtained thus far only in experi- 
mental infections of cats, the antigen for such tests being procured 
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by extracting scrapings of gut lesions.^® The precipitin test in tryp- 
anosomiasis has been obtained in human infections, the antigen 
being extracted from the organs of an experimentally infected ani- 
mal.^^ In the tests in malaria the antigen is obtained from infected 
placentas or from cultures of the parasites.^® A strong group 
reaction occurs, however, for an antigen from any one species of 
human malaria serves to detect antibodies against other species of 
the parasite. 

The Henry flocculation test, which has been used particularly in 
malaria but also in leishmaniasis and trypanosomiasis, is not an 
antigen-antibody reaction, and hence will not be discussed here in 
detail. A positive test depends on the increased precipitahility of 
the serum globulin during these diseases. The reaction is entirely 
nonspecific and is elicited by adding distilled water to the patient’s 
serum under controlled conditions. Various pigments are often 
added to the water in order to render the globulin floccules more 
easily visible after they have been formed.®® 

Precipitin tests have been used in the diagnosis of such helminth 
infections as fascioliasis of cattle,®^ schistosomiasis,®® cysticerco- 
sis,®"* echinococcus disease,®* somatic ascariasis of rodents,®'' Asva- 
ridia infection of chicks,®" and trichiniasis.®'^ The precipitin anti- 
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body has also been detected in serum of dogs with hookworm dis- 
ease.^® A salt solution extract of the homologous worm is generally 
employed for these tests. Often the tests remain positive for years 
after infection, in trichiniasis, for example, sometimes being ob- 
tained after from four to nine years.^® 

A positive precipitin test requires that the serum possess a con- 
siderable amount of antibody. The precipitate formed in the reac- 
tion consists often of about 90 percent antibody and 10 percent 
antigen, and enough of the combination must be formed to be vis- 
ible. Relatively smaller amounts of antibody are required for posi- 
tive agglutination and complement fixation tests, and these tests 
are therefore sometimes positive when the precipitin test is nega- 
tive. 

COMPLEMENT FIXATION TEST 

The complement fixation test is the most delicate in vitro means 
of detecting antibody. It has been used in nearly all the important 
parasitic infections of man and domesticated animals. The test is 
especially valuable in such protozoan infections as amoebiasis 
and trypanosomiases, and has also been used in leishmaniasis, ma- 
laria, and coccidiosis. 

The antigen for the fixation test in amoebiasis can be made either 
from cultures or by extracting the scrapings from intestinal le- 
sions of experimentally infected animals. The reaction becomes 
positive in experimental animals in from the third to the fourteenth 
day after infection.®® After the infection is cured, either spontane- 
ously or by treatment with specific drugs, the test is negative, al- 
though in relapsed cases it again becomes positive.®® 

The fixation test is useful in kala azar, as well as in cutaneous 
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leishmaniasis of both man and dog.*< The antigen can be made 
from cultures of leishmania or from the liver of infected ani- 
maIs.-^« As previously stated, a reversed complement fixation test 
has also been described in leishmaniasis, by which, early in the in- 
fection, leishmania antigens are detected in the serum of patients 
by mixing their serum with an antiserum from rabbits immunized 
with Leishmania cultures/'" As yet the reversed fixation test has not 
had widespread adoption because of frequent nonspecific reac- 
tions.*® 

The complement fixation test is positive in infections with both 
pathogenic and nonpathogenic trypanosomes. It is reported in 
horses, as welt as in dogs, with Trypanosoma equiperdum^'^^ in cat- 
tle with Trypanosoma hippicum,*" in camels with Trypanosoma 
marocanum,*^^ in both humans and animals with Trypanosoma 
cruzi,^~ and in rats with Trypanosoma Icwisi.*'^ Antigens for the 
pathogenic species (for example. Trypanosoma equiperdum) can 
be made by extracting trypanosomes isolated from the blood of 
heavily infected rats. '* Antigens for diagnosing Trypanosoma cruzi 
infections are best obtained from cultures of this parasite,'® al- 
though they can also be prepared from the heavily infected spleens 
of young puppies.'® The antigen for Trypanosoma lewisi can be 
made from cultures of the organism/^"^ 

Complement fixation tests are of especial importance in the diag- 
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nosis of such helminth infections as schistosomiasis of man and of 
animals,^® echinococcus disease of man and of animals,^® and hu- 
man filariasis.®" Experimentally favorable results have also been 
obtained in diagnosing fascioliasis of sheep,® ^ sparganosis of mon- 
keys,®- cysticercosis of man,®* somatic ascariasis,®* and trichinia- 
sis.®® The complement fixation test is usually positive somewhat 
earlier than other antibody reactions because less antibody is re- 
quired for the reaction to occur. 

ADHESIN TESTS 

The adhesin reaction has been used in diagnosing leishmaniasis 
of man and dog,®“ trypanosomiasis,®’ and human filariasis.®® In the 
protozoan diseases red cells adhere to the parasite if the adhesin 
antibody is present; in filariasis the leucocytes adhere to the para- 
site body. The test is performed in vitro. Serum from the patient 
or the animal is added to a suspension containing the suspected 
parasite and the appropriate blood cells. The reaction is as specific 
as other antigen-antibody reactions. 
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SKIN TESTS 

Skin tests are especially valuable diagnostic aids because of the 
simplicity of their performance. A small amount of a suitable anti- 
gen injected intracutaneously generally will elicit a local response 
if the individual is infected with the parasite. Positive skin tes»s 
usually are possible by the second or third week after infection. 
Skin tests have not been generally used with the protozoan infec- 
tions, but among the helminthiases they have enjoyed widespread 
success and in some cases general adoption as the diagnostic method 
of choice. 

Skin tests have been tried in experimental anioebiasis of dogs,^’* 
the leishmaniases of man and dogs,®** malaria of man and mon- 
keys, and coccidiosis of rodents,®- among the protozoan diseases, 
although in no case have particularly favorable results been ob- 
tained. The same difficulty is encountered in preparing the antigen 
from protozoans for the skin test as for other immunological tests. 
Usually saline extracts of the parasites arc preferred to alcoholic 
extracts. 

Among the helminth infections, schistosomiasis,®’’ echinococcus 
disease,**^ trichiniasis,®® and filariasis are most satisfactorily di- 
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agnosed by the skin test. Experimentally, fascioliasis,®^ cysticerco- 
sis of rabbits,*® ascariasis,*® hookworm disease,^* oxyuriasis,^* and 
dracontiasis also can sometimes be identified through skin tests. 

Group reactions occur very commonly in these skin tests with 
helminth antigens. Often the antigens appear to occur more or less 
universally throughout a given class of parasite. For example, prac- 
tically any species of cestode will serve as the source of antigen for 
the skin test in echinococcus disease,^® and Ascaris lumbricoides 
supplies antigens which elicit a reaction in many of the nematodia- 
ses.** Furthermore, an extract of any schistosome *'* or even of the 
cattle liver fluke. Fasciola gigantica,’’^ will serve in the skin test for 
human schistosomiasis, and an extract of the dog hlarid, Dirofilaria 
immitis or of Contortospiculum rhcae^^ is suitable for identify- 
ing any of the human filariases. However, the best antigen for skin 
tests in any infection generally is obtained from the homologous 
parasite, for although strong cross reactions may occur with anti- 
gens from heterologous forms they are usually less intense than 
those to antigens from the homologous parasite. Either larval or 
adult parasites can be used, however, for preparing the skin-testing 
antigen, since the antigenic constitution of larval and adult para- 
sites is the same. The antigen for schistosomiasis in man, for exam- 
ple, is usually obtained from the liver of a snail heavily infected 
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with the sporocysts and cercariae of a mammalian schistosome. 
Likewise, antigen for diagnosing hydatid disease in man can be ob- 
tained from either larval or adult related taenias. 

Two types of skin reaction frequently occur in man: an immedi- 
ate response and a delayed reaction. The immediate response is of 
the type seen in hay fever allergies, with a distinct wheal and 
erythema developing about the inoculated site. It reaches its great- 
est intensity within ten to fifteen minutes and fades quickly there- 
after. The delayed reaction is an Arthus type of response. It begins 
in half-an-hour or so and may not reach its peak for three or four 
hours or even longer. Often it persists for from twenty-four to 
forty-eight hours. The delayed reaction alone is generally seen in 
positive skin tests in animals. 

Skin tests often remain positive for many years after infection 
with the helminths, oven after apparent cure of the disease by 
drugs, as in schistosomiasis, or after the surgical removal of the 
parasite, as in hydatid disease.*" As already mentioned, skin tests 
have been reported in trichiniasis as long as nine years after in- 
fection.* ‘ 
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